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FOURTEENTH  ANNUAL 

Report  of  the  State  Geologist 


lovvA  Geological  Survey, 
Des  Moines,  December  31,  1905. 

To  (iovernor  Albert  B.  Cii  tnnn'ns  and  Members  of  the  Geolofjical 
Board: 

Gentlemen:— I  take  pleasure  \n  presenting  a  brief  summary 
of  the  work  carried  on  by  the  Geological  Survey  during  the 
past  year.  I  must  rely  upon  your  personal  examination  of  the 
volume  which  contains  the  results  of  the  years  work  in  the 
field,  to  give  you  a  correct  impression  of  the  methods  employed 
in  the  investigations  of  the  Geological  Survey,  and  the  lines 
along  which  valuable  results  are  obtained. 

Unpublished  irork: — A  large  part  of  the  work  of  the  Survey, 
however,  does  not  appear  in  its  published  annual  report.  It  is 
to  this  phase  of  Survey  activity  that  1  would  particularly 
direct  your  attenticm.  There  is  a  large  and  steadily  increasing 
demand  on  the  Survey  made  by  residents  of  the  state,  for 
assistance  in  investigating  problems,  and  examining  specimens 
which  seem  to  have  economic  significance.  1  have  no  doubt 
that  in  this  way  the  Survey  at  this  stage  in  its  development 
will  render  its  greatest  returns  to  the  state,  and  the  Director 
and  his  assistants  have  not  hesitated  to  give  freely  of  their 
time  in  answering  appeals  for  examinations  of  mineral  localities. 
In  the  earlier  history  of  the  Geological  Survey,  it  was  of 
greatest  importance  to  collect  the  facts,  scientific  and  economic, 
which  would  permit  of  an  intellig'ent  discussion  of  the  geology 
of  the  state,  and  the  possibilities  of  industrial  development 
based  on  the  state's  mineral  resources.  The  Survey  is  now  in 
possession  of  a  suflRcient  amount  of  information  to  enable  it  to 
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speak  positively  with  reference  to  most  matters  to  which  its 
attention  may  be  directed.  Consequently  the  economic  aspects 
of  its  work  are  at  present  particularly  important,  and  will 
become  increasingly  important  in  the  future. 

Portland  cement: — A  year  ago  the  Survey  published  its  first 
preliminary  report  on  Portland  Cement  Materials,  written  by 
Eckels  and  Bain.  This  report  showed  that  without  question 
Iowa  has  an  abundance  of  high  grade  material  suitable  for 
Portland  cement.  It  was  sent  about  the  state  generally,  to 
the  Industrial  agents  of  the  various  railroads  entering  the  state, 
and  to  the  cement  experts  and  engineers  throughout  the 
country.  As  a  consequence  two  months  had  not  elapsed 
before  the  Industrial  agent  of  the  Illinois  Central  railroad 
brought  into  the  state  parties  who  desired  to  locate  a  large 
cement  milj  in  Iowa  if  suitable  conditions  could  be  found.  Fort 
Dodge  was  first  visited  and  careful  tests  were  made  of  thf^  lime- 
stones and  shales  to  determine  their  quality  and  (juantity.  At 
this  point  material  of  admirable  quality  was  found,  but  the 
quantity  that  could  be  readily  obtained  did  not  meet  the 
requirements  of  the  large  mill  that  was  proposed.  The  con- 
ditions at  Mason  City  were  later  examined  and  all  of  the 
requirements  were  met  by  the  limestones  and  shales  that  are 
abundant,  not  only  at  that  point  but  at  a  great  number  of 
localities  in  Cerro  Gordo  county.  When  the  Cleological  work 
on  this  county  was  completed  by  Professor  Calvin  in  1897,  atten- 
tion was  called  to  the  abundance  of  cement  materials;  the  ease 
with  which  they  could  be  secured:  and  their  probable  chemical 
fitness.  At  that  time  the  dry  process  for  making  cement  had 
not  come  to  the  front  and  the  development  of  the  situation  has 
waited  till  this  time.  During  the  past  summer  Professor 
Beyer,  who  is  preparing  a  monograph  on  Portland  Cement  for 
the  Iowa  Geological  Survey,  investigated  the  conditions  at 
Mason  City,  secured  material  for  analysis  and  directed  the  tests 
which  enable  the  Survey  to  endorse  the  Mason  City  project. 

It  bfecomes  at  once  evident  that  the  (Jeological  Survey  has 
aided  the  cement  plant  at  Mason  City,  in  two  ways;  first  in 
directing  investors  to  the  deposits  of  cement  materials  in  Iowa, 
and  bringing  them  into  the  state;  and   secondly  in  reporting 
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authoritatively  to  the  public  in  regard  to  the  natural  con- 
ditions that  exist  at  the  point  where  the  erection  of  the  cement 
plant  is  proposed;  In  these  two  ways  the  Survey  is  useful  to 
the  state,  not  only  in  connection  with  the  cement  industry  but 
in  connection  with  all  industries  that  are  based  on  the  mineral 
wealth  of  the  state. 

Portland  cement  material  is  admirably  distributed  throuf?h 
the  state,  and  Iowa  is  a  large  consumer  of  the  finished 
product.  The  establishment  of  a  second  mill  within  the  state  may 
fairly  be  predicted. 

Peat:-  The  Survey  has  published  a  preliminary  bulletin  on 
the  Peat  Resources  of  Iowa  and  on  the  Tests  of  Iowa  Coals 
made  at  the  Government  Testiut^:  Plant  at  Saint  Louis.  Dur- 
injjf  two  months  of  last  summer  Mr.  Wood  located  22,000,000 
tons  of  peat,  the  amount  being  estimated  on  the  basis  of  the 
dried  peat.  This  probably  represents  less  than  half  of  the  peat 
that  exists  in  northern  Iowa,  under  conditions  that  may  render 
it  of  value.  (Jreat  interest  in  peat  exists  at  present,  on  account 
of  the  growing  success  connected  with  the  mechanical  methods 
that  are  being  developed  for  putting  peat  on  the  market  in  the 
form  of  an  acceptable  fuel.  A  particularly  interesting  line  of 
inquiry  in  connection  with  peat  that  is  being  prosecuted  just 
now  deals  with  the  possibility  of  making  producer-gas  from 
peat.  Experiments  are  now  being  conducted  at  the  Govern- 
ment testing  plant  at  St.  IjOuis,  and,  should  the  results  be  satis- 
factory, an  important  development  of  Iowa  peat  in  the  near 
future  would  seem  to  be  assured.  I  would  recommend  that 
the  investigation  of  the  peat  beds  be  continued  during  the 
coming  summer. 

Gypsum: — The  gypsum  industry  of  Iowa  has  flourished 
during  the  past  year,  and  the  Survey  officials  have  not  hesitated 
to  point  out  to  inquirers,  that  this  industry  is  still  in  its 
infancy.  The  new  mill  that  was  erected  last  year  prospered 
from  the  start,  and  is  already  increasing  its  capacity.  Two 
new  mills  are  now  under  consideration.  The  extent  of  the 
gypsum  beds  was  demonstrated  by  the  Geological  Survey  in 
1899,  at  a  time  when  the  Gypsum  Trust  proposed  if  possible  to 
get  control  of  the  entire  territory.    The  Survey's  report  indi- 
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cated  that  the  beds,  which  had  heretofore  been  recognized  only 
over  three  or  four  squaro  miles,  probably  could  be  found 
throughout  twenty  times  this  area.  As  a  consequence  the  field 
has  remained  open  for  independent  capital,  and,  although  a 
number  of  mills  have  engaged  successfully  in  the  gypsum 
industry  since  that  time,  the  field  is  still  large,  and  the  promise 
of  good  returns  attractive. 

Natural  gas: — It  would  be  very  pleasant  to  make  a  similar 
report  in  regard  to  the  attempts  to  develop  gas  in  commercial 
quantities  in  Iowa.  In  this  connection,  however,  the  Survey 
has  found  it  necessary  to  discourage  an  enthusiasm  that  was 
based  on  superficial  knowledge  of  conditions  that  exist  within 
the  state.  Limited  quantities  of  gas  are  found  near  the  surface, 
within  the  glacial  drift,  near  Muscatine  and  elsewhere.  The 
Survey  has  pointed  out  repeatedly  that  this  gas  is  no  indication 
of  gas  in  the  underlying  rock  strata.  It  has  pointed  out  that 
the  Trenton  limestone,  to  which  promoters  have  urged  the 
sinking  of  deep  wells  for  gas,  outcrops  in  the  northeastern  part 
of  the  state,  and  is  encountered  in  a  number  of  the  deep  wells 
already  existing  within  the  state,  and  nowhere  shows  signs  of 
either  fuel  gas  or  oil.  It  is  hoped  that  the  case  has  been  made 
sufficiently  clear  and  that  the  proposed  plans  for  deep  borings 
for  gas  will  be  laid  aside. 

Wafer  horizons:  —The  Survey  has  been  called  on  to  give 
estimates  in  regard  to  the  depth  to  which  drilling  should  be 
carried  and  the  quantity  and  quality  of  water  that  may  be 
expected,  at  a  number  of  points  where  artesian  wells  have  been 
proposed.  The  Waterloo  city  well  is  now  completed,  and  the 
estimates  made  by  Professor  Norton,  in  advance  of  the  drilling, 
have  been  fully  verified.  The  Survey's  estimates  were  useful 
as  a  basis  for  letting  bids  for  the  Fort  Dodge  well  now  under 
construction.  A  careful  watch  is  being  kept  on  this  well  to 
determine  when  the  water  horizons  that  are  sought  have  been 
reached. 

Special  assistants: — Professor  Calvin  has  continued  to  act  as 
consulting  geologist  for  all  of  the  members  of  the  Survey  staff. 
He  has  examined  and  reported  on  all  paleontological  material 
collected,  and  has  gone  into  the  field  when  necessary  to  aid  in 
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the  work  of  correlation.  In  addition  to  this  general  work  he 
has  completed  the  field  work  and  prepared  the  manuscript  for 
Winneshiek  county,  which  is  presented  herewith.  In  the  field 
work  he  was  aided  by  Mr.  J.  H.  Lees. 

Professor  Beyer  has  continued  his  work  on  Portland  cement, 
and  his  work  is  presented  in  the  small  bulletin  which  the  Sur- 
vey is  now  publishing.  This  bulletin  describes  localities  which 
seem  worthy  of  the  careful  examination  of  any  who  are 
interested  in  establishing  Portland  cement  plants  in  Iowa. 
Chemical  analyses  are  given  and  a  description  of  the  beds;  their 
structure;  the  amount  of  stripping  required;  nearness  to  rail- 
roads, tow^ns,  and  fuel  supply;  and  other  economic  considera- 
tions are  presented. 

Professor  Beyer's  complete  report  on  Portland  cement  will 
be  presented  as  the  annual  report  for  1907. 

The  second  volume  of  Professor  Pammel's  report  on  The 
Grasses  of  Iowa,  has  been  well  received  by  the  public  and  by 
scientists  in  general.  Professor  Charles  E.  Bessey,  in  Science, 
for  December  1905  says:  "The  two  volumes  must  prove  of 
great  value  to  the  farmers  of  the  state,  and  the  second  one 
especially  must  be  helpful  to  students  and  others  who  are 
interested  in  grasses.'' 

Professor  Shimek  has  a  report  on  the  Loess  in  preparation, 
and  it  will  be  available  for  publication  at  no  distant  date.  A 
brief  paper  on  this  subject  was  planned  for  last  year's  annual 
report  and  a  few  plates  were  purchased  for  the  purpose  of 
illustrations.  It  seemed  best  to  make  the  report  more  com- 
plete and  publication  has  been  temporarily  postponed. 

Annual  report:  —The  mineral  statistics  appear,  as  usual,  in 
the  annual  report  for  this  year.  In  addition  I  take  pleasure  in 
submitting  the  following  county  reports: 

Black  Hawk  county,  prepared  by  Professor  M.  F.  Arey. 

Ida  and  Sac  counties,  prepared  by  Professor  T.  H.  Macbride. 

Clayton  county,  prepared  by  Dr.  A.  (r.  Leonard. 

Winneshiek  county,  prepared  by  Professor  Samuel  Calvin. 

Franklin  county,  prepared  by  Mr.  Ira  A.  Williams. 

Jackson  county,  prepared  by  Mr.  T.  E.  Savage. 

Bremer  county,  prepared  by  Professor   W.  H.  Norton. 
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The  reports  on  Black  Hawk,  Ida  and  Sac,  and  Clayton 
counties  were  proposed  for  last  year's  volume,  but  were  finally 
held  over  in  order  that  the  volume  might  not  be  too  large. 

Educational  bulletins: — I  would  submit  for  your  considera- 
tion the  question  of  the  desirability  of  aiding  the  Science  work 
in  the  schools  of  the  state  by  publishing  brief  bulletins  which 
present  simply  and  clearly  some  of  the  more  important  geologi- 
cal phenomena  that  the  young  people  in  our  schools  may  see, 
if  their  attention  is  once  directed  to  them. 

1  take  the  liberty  of  quoting  from  a  personal  letter  from 
Prof.  Davis  of  Harvard.  "I  hope  that  you  may  find  it  practical 
to  put  into  application  in  Iowa  a  scheme  which  I  have  long 
wished  to  see  carried  out  by  our  state  Surveys.  This  is  to  pre- 
pare for  the  especial  use  of  school  teachers  brief  reports,  to  be 
issued  perhaps  semi-annually  and  widely  distributed,  upon  the 
more  elementary  and  significant  geological  features  of  the 
state.  My  experience  has  been  that  the  more  professional 
geological  reports,  such  as  those  issued  by  Iowa  and  other 
states,  do  not  suffice  to  present  the  problems  of  which  they 
treat  to  the  average  school  teacher;  and  that  inasmuch  as  the 
profession  of  school  teaching  is  one  of  the  most  important 
under  the  state  organization,  it  seems  eminently  proper  that 
some  part  of  the  state  Survey's  report  should  be  addressed 
particularly  to  that  class  of  persons.'* 

The  specimens  of  Iowa  rocks,  minerals  and  fossils  sent  by  the 
Iowa  Geological  Survey,  to  Iowa  High  Schools  last  year,  were 
so  heartily  welcomed  by  the  teachers  that  there  is  abundant 
ground  for  believing  that  they  will  ghidly  receive  and  make 
practical  use  of  educational  bulletins  of  the  sort  that  Professor 
Davis  recommends. 

Topographic  maps: — Another  line  of  work  that  the  Survey 
should  carefully  consider,  and  if  means  are  available  should 
undertake,  is  that  of  topographic  mapping. 

A  topographic  map  presents  precise  information  that  may  be 
grasped  almost  at  a  glance  in  regard  to  relative  elevations  in 
the  area  included  within  the  map.  This  is  accomplished  by 
means  of  contour  lines  which  connect  all  points  on  the  map 
having  a  common  elevation.  All  points  in  the  region  about 
Des  Moines,  for  instance,  which  are  600  feet  above  sea  level  are 
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connected  by  a  common  line.  Another  line  connects  all  other 
points  620  feet  above  the  sea  and  so  on.  In  Iowa  the  contour 
interval,  or  vertical  distance  between  points  connected  by 
adjacent  lines,  is  appropriately  10  to  20  feet,  while  in  rougher 
country  the  interval  is  greater.  The  generalrelief  of  a  district 
is  made  plain  by  the  slightest  inspection  of  a  map  prepared  in 
this  way,  while  a  detailed  study  of  such  a  map  will  throw  very 
great  light  on  any  engineering  problem  into  which  the  relative 
elevations  of  the  country  enter  as  a  factor. 

Some  of  the  benefits  that  Iowa  would  derive  from  a  topo- 
graphic map  may  be  briefly  noted.  If  the  state  were  covered 
by  a  series  of  topographic  sheets  drawn  on  the  scale  ordinarily 
used  by  the  United  States  Geological  Survey,  viz.,  an  inch  to 
the  mile,  with  the  contour  interval  of  20  feet,  the  installation 
of  electric  interurban  lines  would  be  greatly  stimulated.  Much 
of  the  preliminary  or  reconnaissance  survey  work  would  be 
obviated,  and  the  engineer  could  sit  in  his  office  with  the  topo- 
graphic sheets  before  him,  and  virtually  outline  the  general 
course  that  his  road  should  take.  The  citizens  of  Iowa  generally 
feel,  I  think,  that  one  of  the  most  promising  solutions  now 
in  sight  for  the  troublesome  railroad  question,  is  to  be  found  in 
the  interurban  road.  Certainly  the  happy  experience  of  the 
communities  alon^  the  (Ireat  liikes,  whore  already  a  net  work  of 
interurban  electric  roads  exists,  furnishes  a  basis  for  this  feel- 
ing. In  Iowa  the  interurban  is  still  a  novelty,  but  the  experi- 
ence of  all  cities  within  the  state  that  now  enjoy  interurban 
service  is  thoroughly  satisfactory. 

The  construction  of  sewerage  plants  and  the  choosing  of 
reservoir  sites  is  greatly  simplified  in  the  district  that  is  covered 
by  a  topographic  map. 

In  connection  with  the  development  of  the  natural  mineral 
resources  of  Iowa,  topographic  maps  will  be  of  the  greatest 
value.  In  Polk  county,  for  instance,  ah  attempt  should  be 
made  to  correlate  the  various  coal  beds,  yet  this  work,  import- 
ant as  it  is,  even  though  the  attempt  should  show  that  correla- 
tion is  impossible,  cannot  be  undertaken  except  at  very  great 
expense,  without  the  aid  of  topographic  maps.  A  coal  bed  at 
one  point,  for  instance,  is  found  200  feet  below  the  mouth  of  a 
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given  shaft.  At  the  next  mine,  say  five  hundred  feet  away,  the 
coal  lies  300  feet  below  the  surface.  If  the  beds  in  the  two 
cases  are  of  the  same  general  thickness  and  quality  there  is  a 
certain  sort  of  basis  for  the  inference  that  they  constitute  a 
single  bed  which  may  be  found  throughout  the  intervening 
territory.  The  apparent  difference  in  depth  may  be  merely  a 
difference  in  elevation  of  the  mouths  of  the  shafts.  This  fact, 
however,  can  be  determined  only  by  running  levels  if  topo- 
graphic maps  are  not  at  hand.  The  most  thorough  prospecting 
for  coal  undertaken  in  the  state  has  been  carried  on  in  Lucas 
county  during  the  past  four  years.  Hundreds  of  holes  have 
been  put  down  with  a  diamond  drill,  and  tbe  level  of  the  surface 
above  sea  at  each  drilling  station  has  been  accurately  deter- 
mined. When  the  log  of  the  driller  is  plotted,  therefore,  it  is 
possible  to  determine,  other  factors  being  taken  into  account, 
the  persistence  of  the  coal  beds  through  large  areas.  The 
expense  of  this  work  would  have  been  greatly  reduced,  had  the 
elevations  of  the  drilling  stations  been  given  on  a  topographic 
map. 

The  topographic  map  forms  the  most  suitable  base  map  on 
which  to  represent  the  distribution  of  rocks;  minerals;  soils; 
waters;  artesian  basins;  undrained  areas;  and  peat  beds;  and  as 
a  basis  for  maps  for  public  lands  and  parks.  The  buying  and 
selling  of  land  for  agricultural  purposes  are  greatly  facilitated 
by  such  maps,  and  correct  inference  of  great  importance  in 
regard  to  the  fitness  of  land  for  agriculture  may  be  drawn  from 
them.  Culture  details  may  best  be  shown  on  such  a  map,  and 
the  correct  representation  of  roads  and  towns  with  reference  to 
topograhic  features  is  of  prime  importance.  Automobile  clubs 
throughout  the  state  would  welcome  these  maps,  which  next  to 
an  actual  improvement  in  the  roads  themselves,  would  do  most 
to  simplify  extended  country  travel. 

In  the  schools,  colleges  and  universities  these  maps  would  be 
of  constant  use  in  the  study  of  geography  and  geology. 

Surveyors  throughout  the  state  would  be  greatly  aided  by 
the  numerous  base  lines  that  would  be  established  during  the 
making  of  the  maps,  and  the  numerous  bench  marks.  The  lay- 
ing out  of  ditches,  highways,  and  other  improvements  which 
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involve  the  matter  of  relative  elevations  would  be  greatly 
simplified . 

Admitting  the  desirability  of  such  maps  the  practical  ques- 
tion remains  as  to  hov\r  they  may  be  obtained.  Their  prepara- 
tion involves  a  considerable  outlay  of  money  and  requires  the 
service  of  a  company  of  expert  topographers.  The  expense, 
when  the  benefits  to  be  derived  are  considered,  is  not  excessive. 
A  topographic  map  of  Iowa,  with  a  contour  interval  of  20  feet 
and  a  horizontal  scale  of  one  inch  to  the  mile,  will  cost  about 
$12  per  square  mile.  The  United  States  (Jeological  Survey  is 
already  actively  engaged  in  such  work,  and  the  benefits  to  be 
derived  from  such  maps  may  best  be  extended  to  Iowa  by  the 
system  of  co-operation  which  this  Survey  offers  to  the  several 
states.  By  this  plan  the  United  States  (iovernment  duplicates 
any  sum  that  the  state  appropriates  for  topographic  work.  It 
furnishes  men  from  its  corps  of  skilled  topographers  to  direct 
the  work  and  assumes  the  main  burden  of  expense  in  connec- 
tion with  publication. 

The  following  details  as  to  methods  used  in  mapping  are 
quoted  from  the  United  States  Geological  Bulletin  on  Co-opera- 
tion in  Topographic  Work  between  the  United  States  and  the 
various  states. 

**The  appropriations  made  by  the  states  for  co-operative  sur- 
veys are  accepted  chiefly  for  actual  field  work,  in  which  are 
included  the  services  of  temporary  employees,  who  are  usually 
residents  of  the  state,  and  for  the  living  and  traveling  expenses 
of  the  field  force.  It  may  be  used  in  paying  office  salaries  only 
in  so  far  as  is  necessary  to  equalize  the  expense  of  both  parties 
to  the  co-operation.  Thus  the  larger  part  of  the  amount 
appropriated  by  the  state  is  returned  to  the  people  thereof. 
The  appropriation  of  the  Federal  Government  is  devoted  chiefly 
to  paying  salaries  of  the  i^ermanent  employees,  a  small  portion 
of  it  being  expended  on  general  administration  and  a  considera- 
ble portion  on  field  and  office  work.  The  field  work  of  the  co- 
operative topographic  surveys  is  invariably  in  charge  of  topo- 
graphers or  assistant  topographers  of  the  United  States  Geologi- 
cal Survey,  who  are  appointed,  on  the  recommendation  of  the 
United   States  Civil   Service   Commission,  by  the  Secretary  of 
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the  Interior.  All  assistant  surveyors,  as  level-men,  transit-men 
etc.,  and  such  helpers  as  rod-men,  teamsters  and  cooks  are 
employed  under  regulations  of  the  Department  of  the  Interior 
in  the  locality  in  which  the  work  is  being  done,  and  under  the 
terms  of  a  signed  application  and  agreement,  which  they  must 
file  when  seeking  such  employment.'' 

"These  topographic  maps  are  based  upon  geodetic  determina- 
tions of  position,  either  by  means  of  an  accurate  system  of 
primary  triangulation  or  by  primary  traverse  based  upon 
astronomic  locations.  The  fundamental  positions  so  determined 
are  marked  by  monuments  of  stone,  or  by  metal  posts  bearing 
suitable  bronze  tablets.  Spirit  levels  of  a  high  degree  of 
accuracy  are  run  with  such  frequency  as  to  permit  of  the 
establishment  of  permanent  metal  bench  marks  in  every  three 
linear  miles,  while  numerous  elevations  of  less  accuracy  are 
obtained  by  levels  run  in  all  directions. 

The  maps  that  result  from  these  co-operative  surveys,  show  in 
different  colors,  both  in  the  manuscript  and  in  the  published 
edition,  the  following  principal  facts: 

1.  Public  culture,  printed  in  black,  including  roads,  lanes, 
paths,  railroads,  streets,  dams,  public  boundaries,  names,   etc. 

2.  The  hydrography,  or  water,  printed  in  blue,  including  all 
lakes,  rivers,  streams,  swamps,  marshes,  reservoirs, springs,   etc. 

8.  The  relief  of  surface  forms,  printed  in  brown,  including 
the  shapes  of  the  hills,  valleys,  and  ravines,  their  elevations 
and  depressions,  and  the  slopes  of  every  rise  or  fall  in  the 
surface  of  the  land. 

The  topographic  maps  produced  by  co-operative  surveys  are 
engraved  on  copper  and  printed  from  stone.  The  co-operating 
states  have  the  benefit  of  this  i)ublication  without  furtlier 
expense,  and  the  residents  of  the  ^tate,  as  well  as  its  officials, 
may  purchase  the  maps  at  rates  of  5  cents  per  sheet  or  $3.00 
per  hundred." 
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The  following  states  have  completed  or  are  engaged  in 
co-operative  topographic  surveys: 

D  >LLA.BS.         SQ.    MILES. 

Alabama $51,540  00  3,455 

California 158,360  00  1,704 

Connecticut 4.990.00  All 

Kentucky 40,000  00  852 

Louisiana 45,420.00  1,110 

Maine 33,040  00  2.614 

Maryland 12,210.00  9,585 

Massachusetts 8,315.00  All 

Michigan 57.430.00  1,687 

Mississippi 46.340.00  196 

New  Jersey 7.815.00  AH 

NewYork 49,170.00  34,623 

North  Carolina 52,250.00  3,637 

Ohio 42.050  00  11,097 

Pennsylvania 45,215.00  9,746 

Rhode  Island 1,250.00  All 

Texas 262,290.00  1,620 

West  Virginia 28,780.00  5.534 

A  limited  amount  of  topographic  work  has  already  been 
completed  in  Iowa,  for  the  most  part  in  the  eastern  portion  of 
the  state.  During  the  past  summer,  at  the  sugjijestion  of  the 
State  Geologist,  work  was  begun  on  a  ({uadrangle  having  Des 
Moines  as  its  center.  This  area  was  chosen  on  account  of  the 
growing  importance  of  Des  Moines  as  an  industrial  center,  and 
that  the  attention  of  the  state  as  a  whole  might  be  more 
definitely  directed  to  the  work  and  might  pass  judgment  on  its 
actual  value.  A  line  of  precise  levels  is  being  run  from  the 
Mississippi  to  the  Missouri  river,  crossing  Iowa  from  east  to  west 
through  Des  Moines. 

The  topographic  sheets  of  the  United  States  Survey  lying 
wholly  or  in  part  within  Iowa,  and  already  published,  number 
36.  The  sheets  are  16ix20  inches  in  size,  the  earlier  ones  being 
fifteen  minute  sheets,  that  is,  drawn  on  a  scale  1:62500  while 
the  later  sheets  are  thirty  minute  sheets  or  1:125000.  While 
the  earlier  sheets  were  imperfect  the  later  sheets  are  models  of 
topographic  accuracy.  The  counties  covered  by  these  sheets 
are  Allamakee,  the  greater  part  of  Winneshiek  and  Fayette, 
Clayton,  Dubuque,  Delaware,the  most  of  Buchanan  and  Jackson, 
Clinton,  Scott,  Cedar,  Johnson,  Linn  and  portions  of  Muscatine, 
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Iowa  and  Benton.     In  the  west,  portions  of  Pottawattamie  and 
Mills  counties  are  included  w^ithin  the  Omaha  sheet. 

If  the  state  would  appropriate  from  $3,000  to  $5,000  for 
co-operation  with  the  United  States  Geological  Survey  the  work 
of  topographic  mapping  could  be  accelerated  three-fold  at  least. 
The  state  naturally  looks  to  the  engineers  of  Iowa  to  take  the 
initiative  in  matters  of  this  sort,  for  they  are  best  able  to 
determine  the  value  of  such  work  to  the  commonwealth. 

The  state  Geological  Survey  is  generally  entrusted  with  the 
duty  of  looking  after  the  interests  of  the  state  in  this  co-opera- 
tive work,  and  tlie  organization  of  the  Iowa  Survey  tits  it  well 
to  assume  this  responsibility,  since  its  governing  board  includes 
the  Governor  of  the  state  and  the  Presidents  of  the  two  State 
Institutions  where  engineering  is  taught. 

The  Survey  at  present  has  no  money  that  can  be  directed 
to  this  line  of  work.  An  annual  increase  in  its  income  of  83,000 
would  permit  of  an  excellent  beginning,  and  hiter,  when  the 
county  surveys  have  been  completed,  a  larger  sum  w^ouhl  be 
allotted  to  topographic  mapping. 
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Iowa  Geological  Survey. 
Des  Moines,  December  81,    1905. 

Dear  Sir:  I  have  the  honor  to  siibmifcto  you  the  following 
report  of  my  work  for  the  year  1905: 

During  this  year  more  time  than  usual  was  taken  up  with 
proof  reading  and  supervising  the  publications  of  the  Survey. 
The  supplementary  report  on  the  Grasses  of  Iowa  was  ready  for 
the  press  early  in  the  year.  Oversight  of  the  work  of  illustrat- 
ing and  printing  this  book  occupied  several  weeks.  In  leisure 
intervals  during  this  time  the  preparation  of  the  manuscript 
for  the  report  on  the  geology  of  Fayette  county  was  completed, 
and  was  published  in  volume  XV  of  the  annual  reports. 

As  early  in  the  year  as  the  data  could  be  obtained,  the  maps 
and  plates  for  the  illustrations  in  volume  XV  were  prepared, 
and  that  report  was  put  through  the  press  during  the  months 
of  June  and  July. 

The  g)*eater  portion  of  August,  September  and  October  was 
spent  in  the  field  studying  the  geological  problems  presented 
in  Jackson  county.  This  county  is  of  more  than  usual  interest 
from  the  fact  that  here,  as  at  no  other  point  in  the  state,  there 
is  shown  a  strong  folding  of  the  uppermost  strata  of  the 
Maquoketa  shale.  There  is  also  evidence  of  unconformity 
between  the  deposits  of  the  Maquoketa  stage  and  the  overlying 
Niagara  limestone.  The  geology  of  Jackson  county  is  also  of 
more  than   usual  economic  interest  because  of  the  fact  that 
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more  than  three-fourths  of  all  of  the  lime  burned  and  marketed 
in  the  state  is  produced  in  this  county.  The  reporton  the  geology 
of  Jackson  county  is  now  in  preparation,  and  will  appear  in 
volume  XVI  of  the  Survey  reports. 

During  the  latter  part  of  Septeipber,  in  company  with  Dr.  S. 
W.  Beyer,  an  excursion  was  made  into  the  counties  of  Jackson, 
Jones  and  Fayette  for  the  purpose  of  investigating  and  corre- 
lating some  of  the  different  geological  horizons  in  northeastern 
Iowa;  and  of  collecting  samples  from  such  quarries  as  promised 
to  furnish  suitable  materials  for  the  manufacture  of  cement, 
or  to  become  sources  of  other  important  products,  itock 
samples  have  also  been  collected  from  other  points  in  tlie  state 
that  seemed  likely  to  furnish  a  good  quality  of  cement 
materials. 

Much  of  the  time  during  November  and  December  was 
occupied  in  the  preparation  of  a  short  report  on  the  results  of 
the  testes  of  Iowa  coals  made  by  the  Government  coal-testing 
plant  at  the  Louisiana  Purchase  Exposition,  St.  Louis;  and  of  a 
preliminary  report  on  the  Peat  Resources  of  Iowa,  the  data  for 
which  latter  paper  were  gathered  during  the  past  summer  by 
Mr.  L.  H.  Wood.  These  two  short  papers  were  printed  in 
December,  and  published  as  Bulletin  No.  2  of  the  Iowa  Survey. 

The  volume  of  correspondence  in  the  office  has  been  consider- 
ably increased  during  the  past  year,  owing  to  the  investigations 
which  the  Survey  has  carried,  on  with  regard  to  the  location, 
in  the  state,  of  deposits  suitable  for  manufacture  into  Portland 
cement,  and  of  marshes  containing  large  accumulations  of 
peat.  Interest  in  both  of  these  lines  is  active  on  the  part  of 
prospective  investors  of  capital.  The  location  of  a  cement 
plant  at  Mason  City  is  assured,  and  there  is  no  doubt  that,  as  a 
direct  result  of  the  efforts  and  investigations  of  the  Survey,  some 
new  industries  will  soon  be  developed  in  our  state. 

As  usual  during  the  past  year  a  large  number  of  specimens 
have  been  sent  to  the  office  for  identiKcation,  as  well  as 
numerous  samples  concerning  the  economic  value  of  which 
information  was  desired.     A  very  large  number  of  letters  have 
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also  been  received  asking  for  maps  and  information  with 
regard  to  the  location  of  suitable  beds  of  stone,  clays  and  shales 
for  various  purposes,  and  deposits  of  coal  and  other  minerals 
The  appropriate  replies  to  all  of  these  requests  involved  a  large 
amount  of  time  and  labor,  neither  of  which  were  spared  in  the 
endeavor  to  furnish  to  tlie  sender  of  each  the  information  for 
which  he  sought. 

Belief  in  the  presence  of  oil  and  gas  in  the  deepc^r  strata  of 
Iowa  still  persists.  Inquiries  have  come  in  with  regard  to  the 
probability  of  finding  oil  and  gas  if  deep  borings  were  put  down 
at  certain  points  in  the  state.  We  have  on  file  in  the  office  the 
records  of  a  large  number  of  deep  wells  each  of  wliich  is  in 
reality  a  test  hole  for  oil  or  gas  in  that  locality.  It  has  been 
proposed  to  make  borings  for  gas  at  points  on  ail  sides  of  which 
we  have  records  of  deep  wells  within  a  distance  of  a  few  miles. 
Both  our  data  of  deep  wells  and  our  knowledge  of  the  character 
and  position  of  the  sedimentary  rocks  of  Iowa  compel  us  to 
discourage  any  expectation  of  finding  oil  or  gas  in  large 
([uantities,  either  in  the  superficial  deposits  or  in  the  deeper 
indurated  strata  of  the  state.  The  discouragement  of  efforts 
that  promise  only  disappointment  is  one  of  the  unpleasant 
phases  of  Survey  work,  l)ut  in  doing  this  the  Survey  renders 
as  real  service  to  the  people  of  the  state  as  in  its  endeavor  to 
promote  the  development  of  resources  that  give  every  promise 
of    ample   returns  for  the    money  expended. 

During  1905  there  has  been  collected  and  turned  into  the 
State  Treasury  from  the  sale  of  reports,  as  required  by  law,  and 
from  the  sale  of  sets  of  geological  specimens  for  High  Schools, 
$142.52. 

The  demand  for  the  reports,  maps  and  bulletins  of  the  Survey 
is  large,  and.  is  constantly  increasing.  This  fact  furnishes  the 
best  evidence  as  to  the  appreciation  of  the  work  of  the  Iowa 
Geological  Survey  on  the  part  of  the  people  of  the  state. 

V^ery  truly  yours, 

T.  E.  Savage, 
Assistant  State  Geologist. 
To  Professor.  Frank  A.  Wilder, 
State  Geologist. 


MINERAL  PRODUCTION  IN  IOWA 

IN  1905 

BY 

S.  W.  BEYER. 


VALUE  OF  MINERAL  PRODUCTION. 

1903. 

Coal $10,439 .  139 

Clay 3.033  586 

Stone 636.735 

Gypsum 523.010 

Lead 3.0.3 


Total $14 ,637,480 

1904. 

Coal $10,439,496 

Clay  3,487,376 

Stone 542.170 

Gypsum 469,432 

Lead 2.619 

Sand-Hmebri.k 13,907 


Total $14,955,000 

1905. 

Coal $10,495,593 

Clay  3 , 408 , 547 

Stone 533 .  509 

Gypsum 589,055 

Lead 1.500 

Sand-lime  brick 38.642 

Mineral  water* 36,200 


Total $15,103,046 

Mineral  paint  is  combined  with  mineral  water. 

MINERAL  PRODUCTION  IN  IOWA  FOR  1905. 


BY  S.   W.   BEYER. 


The  value  of  the  mineral  products  produced  and  marketed  in 
Iowa  during  the  year  1905  exceeded  fifteen  millions  of  dollars. 
This  was  an  increase  of  less  than  one  per  cent  over  the  pre- 
ceding year,  but  was  the  greatest  in  the  history  of  the  state. 
There  was  a  slight  falling  off  in  the  total  sales  of  clay  and  stone 
products  but  these  deficiencies  were  more  than  made  good  l)y 
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increased  production  of  coal,  gypsum  and  sand-lime  brick.  No 
zinc  or  iron  ore  was  sold  during  the  year  and  the  amount  of 
lead  ore  produced  was  almost  a  negligible  quantity. 

The  number  of  producers  shows  a  marked  decrease  in  nearly 
every  department.  The  number  of  producers  for  the  various 
mineral  industries  of  the  state  is  shown  below  in  parallel  col- 
umns for  the  years  1900  to  1905  inclusive. 


1900 

1901  ' 

1902 

1 

1903 

1904 

1905 

Coal 

Clay 

Stone 

GvDsam 

231 

381 

170 

7 

242  ' 
349 
229 
7 

274 
329 
273 

271 

296 

197 

8 

269 

331 

258 

8 

2 

229 

311 

213 

5 

3 

Sand-lime  Brick 

Mineral  Water 

■■ 1 

3 

Lead  and  Zinc 

Iron 

Mineral  Paint 

6 

1 

10  1 

1    i 

8 

8 

5 

1 

3 

1 

1            i' ' 

Total 

796 

838 

«!J1 

781 

874 

768 

The  value  of  tho  total  mineral  production  and  the  nuniher  of 
producers  is  shown  in  table  number  I. 


MINERAL   PRODUCTION    BY   COUNTIES. 
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TABLE    NO.   I. 
VALUE  OP  TOTAL  MINERAL  PRODUCTION  BY  COUNTIES  FOR  1905. 


CODNTIKS. 

O  en 
^   4) 

2  a 

1 
o 

O 

Total  stone. 

P 

^  8 

"3 
1 

Adair 

3 

15 

5 

53 

1 

12 

9 

16 

1 

1 

2 

1 

3 

1 

4 

2 

8 

6 

J 

11 

12 

2 

13 
1 
8 
7 

16 

16 
1 
7 
6 
1 
5 
8 
1 

11 
3 
1 

16 
6 
5 
4 
3 
1 
6 
8 

17 
5 
7 

15 
I 

22 

$         16.800 
21.137 

$    4,* -67 

$        16,800 

50,022 

4  567 

Adams 

$        28.885 

All'xmakt-e 

AppaDoose 

1,569.291 

17.800 

1,587,091 

Audubon 

Bentt)n 

25.624 
1 

431 
11,114 

26  055 

Black  Hawk  .... 

11   i  14 

Ho  )ne 

536,115 

72,141 

'"'"26,654 
""36  ,'666' 

6r'8  256 

Bremer 

Buchanan  . 

Buena  Vista 

26  654 

Kutler 

..    . 
■    •    ■■ 

CalhouD 

30  000 

(.  arroU 

i  ....... 

Cass  ... 

13.389 



318. 8S4 

....  1 

13  389 

Cedar 

"i7!6io  '*';.;.. 

2,400  1   

Cerro  Gordo 

Clarke  

Clay 

336  494 
2.40J 

Clayton  

Clinton 



7,m 

20.261- 

13.:i00 

157.663 

.2,747 
2,251 

20  247 

22  511 

Crawford 





13,300 
177,4  9 

Dallas 

Davis 

19.786 



Deca'ur 

3  75U 
9.3.3 
24.23 
31,828 

9  611 

1.473 

34.500 

28.029 

13,361 

Delaware 

Des  Moines  ...    . 

10.816 
58  732 

Dubuque 



59  857 

Emmet 

Fayette 

8.946 

1.35S 
1,375 

10,304 

Floyd 

1  375 

Franklin 

Fremont 

Greene 

39.228 

32,055 

7.097 
57,102 



7.097 
96.330 

Grundy 

Guthrie 

Hamilton 

9.451 
46,270 

41.506 
46  270 

Hancock 

Hardin 

Harrison 



61.600 
13,870 
17,935 

21,246 

82,846 
13  870 

Henry  

571 

384 



17  935 

Howard 

571 

Humboldt 

""'480>29 

7,558 

384 

Ida 

Iowa    

37.040 

24.700 
54  000 
34.450 
14.157 

64^339 

37  040 

Jackson    

64,. 339 

Jasper 

505,329 

Jefferson 

61.5.S8 

Johnson . . 

Jonet  

648 
92.919 

35.098 
107.076 

Kossuth 

Keokuk  

25.885 

55.003 

1  071 

81.959 

22 


MINERAL   PRODUCTION   OF    IOWA. 


TABLE  NO.  1— Continued. 
VALUE  OP  TOTAL  MINERAL  PRODUCTION  BY  COUNTIES  FOR  1905. 


COUNTIES. 

U    4) 
V  o 

OS 

o 

U 

5 

o 

c 

a 
o 

(A 

5 
o 

15 

1 

Lee 

17 

13 

7 

4 

7 

:'8 

23 

10 

4 

3 

11 

10 

12 

10 

1 

3 

44 

8 

3 

3 

20 

1 

3 

4 

9 

8 

2 

13 

17 

3 

14 

12 

33 

2 

6 

1 

4 

$         12.705 

34  173 

6.600 

$  25,184 

17,200 

1.788 

$          37  889 

Linn 

51  373 

Louisa 

8  388 

Lucas 

$      207,572 

i^oogiiio' 

431,899 

207 ,  .S72 

Madison 

Mabaska 

"     65*546* 
48,895 
35,560 
12,290 

32,524 

32,524 
1.075  686 

Marion 

1.144 
23.674 

"*i;i95 

481  938 

Marshall    

59,2:^4 
12.290 

Mills 

Mitchell 

1   195 

Monroe             .... 

3.076,009 

3,076.009 

Montgomery 

Mufcatine 

38,739 
30.715 
61,500 

550 

39,289 

38,536' 

30,715 

Page 

Plymouth 

Pocahontas 

100.036 

'2;625.723 

113,950 

544.368 

74.616 

21,295 

6.398 

50.622 

113.950 

Polk 

2.570,091 

Pottawattamie. 

74.616 
21.295 

Poweshiek 

Ringgold 

6,398 

Scott 

13.444 

58,805 



122,871 

Shelby 

Sioux 

8.440 
20.550 
72.746 

7,397 
23.954 

2.788 
74, 8:- 9 

8,440 

Story 

20.550 

Tama 

160 

72,906 

Taylor 

50,512 

57,909 

Union                  .  •  • 

23  954 

VanEufrn   

Wapello  

12,947 

443,637 

13,252 

1,159 
24.65] 

16,894 
543.187 

Warren 



13,252 

Washington 

Wayne 

4.3,003 

7,183 

272.070 

3,057 

46  060 

212,752 
220,738 

219,935 

Webster 

875 

$594,855 

1,088,538 

Winneshiek 

Woodbury 

Worth      .    ... 

309,658 





3C9,658 

Wright     

46  460 
108,50' 

"32,899 

*38*.642 
30,400 

$663,887 

46,460 
141.400 

Single  Producers. 
SA.nd-Liime  Brick 

3 
3 

38.642 
30.400 

Mineral  Water... 

TotaU 

768 

$10,495,593 

$3,408,547* 

$533,509 

$15,103.0461 

'Includes  $877  raw  clay  sold, 
t Includes  $1,500  lead  produced. 


Coal. 


The  coal  production  shows  a  three  and  a  half  per  cent  increase 
in  total  tonnage  and  but  a  slight  increase  in  total  value  owing  to 
a    slight    falling    off    in    average    price    per    ton.      Again 


COAL.  28 

Monroe  county  heads  the  list  in  total  tonnage,  producing  up- 
wards of  a  million  tons  more  than  Polk,  her  nearest  competitor. 
Monroe  also  shows  the  greatest  total  gain  although  Jasper 
county  shows  a  greater  percentage  of  increase,  amounting  to 
nearly  twenty  per  cent  as  compared  to  about  thirteen  per  cent 
for  Monroe.  Keokuk,  Lucas,  Marion,  Wapello  and  Webster  of 
the  important  coal  producers  show  a  falling  off  in  production. 
Keokuk  has  really  dropped  from  the  list  of  important  producers. 
Extensive  development  continues  in  Lucas,  Monroe,  Jasper  and 
Polk  counties.  The  Consolidation  Coal  Company  contributed 
most  to  the  increased  production  in  Monroe  county  and  are 
still  extending  their  facilities  for  handling  a  large  output. 

Table  No.  II  gives  the  number  of  companies  producing  coal, 
distribution  of  coal,  total  value,  average  price  per  ton,  average 
number  of  days  worked  and  number  of  men  employed,  arranged 
by  counties. 
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The  wage  scale  adopted  by  the  joint  committee  of  operators 
and  miners  in  1904  continued  two  years  and  undoubtedly  opera- 
ted to  keep  up  the  price  of  coal  during  1905.  In  the  smaller 
producing  counties  the  price  remained  about  the  same 
while  in  most  of  the  large  producers  the  average  price 
per  ton  fell  off  from  three  to  five  per  cent,  although 
in  Polk  the  price  remained  constant.  The  average  price 
per  ton  is  essentially  on  a  mine  run  basis,  and  is 
dependent  upon  the  system  of  mining  practiced.  This  fact  must 
be  kept  in  mind  when  comparing  prices  for  the  different  counties. 
In  Appanoose  and  Boone  the  prevailing  system  of  mining  is 
*'long  wall"  and  very  little  powder  is  used,  whilo  in  Monroe, 
Jasper  and  Polk  counties  '*room  and  pillar"  is  the  rule  and 
'^shooting  from  the  solid"  is  the  universal  practice.  As  a  con- 
sequence there  is  a  minimum  percentage  of  small  coal  produced 
in  the  former  and  a  maximum  percentage  in  the  latter.  The 
price  of  lump  coal  is  much  more  uniform  for  the  entire  state 
that  that  of  mine  run  coal.  Sufficient  data  are  not  at  hand  to 
definitely  fix  the  average  price  per  ton  on  that  basis. 

According  to  the  authority  of  the  United  States  Geological 
Survey,  Iowa  ranks  ninth  in  total  tonnage  and  seventh  in  total 
value  of  coal  produced  in  1904,  as  in  the  preceding  year.  The 
ten  leading  j^rodueors  of  bituminous  coal  for  1904  were  as 
follows : 


STATE. 


TONNAGE. 


1  Pennsylvania.. 

2  Illinois 

3  West  Virginia 

4  Ohio 

5  Alabama 

6  Indiana 

7  Kentucky 

8  Colorado 

9  Iowa 

10  Kansas. . 


97.952,267 

36  475.060 

32.602.819 

24.334.812 

11.262.046 

10.934.379 

7.566.482 

6,658  .^55 

6.519,933 

6.333.307 


VALUE. 


94.434.219 

39,941,993 

•28,807,420 

26.588.476 

13,480,111 

12,105,709 

7.857,691 

8,751,821 

10,504.406 

9,640.771 


*Inc1ude8  48,245  tons  of  anthracite  mined. 
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The  production,  value,  average  price,  average  number  of  days 
worked  and  number  of  men  employed,  in  Iowa,  during  the  past 
seven  years  were  as  follows : 


YEA&. 


TOTAIi  TON8. 


AVERAGK 
PRICE. 


AVERAGE  NUM- 
BER OP  DAYS 
WORKED. 


AVKRAQB  NUM- 
BER MEN 

EMPLOYED. 


18-9 

5,177,479 

$  6.397.338 

$      1.24 

229 

10.971 

1900 

5,202  939 

7,155.341 

I  38 

2if8 

11  608 

1901 

5,617,499 

7.822  805 

1  39 

218 

12  653 

1902 

5,904,766 

8.660.2S7 

1  47 

227 

12.434 

1903 

6.365.233 

10.439.139 

1.64 

232 

13,583 

1904 

6.507.^55 

10.439.496 

1.60 

2i3 

15.373 

19-5 

e.740.J^01 

10  495. ^^93 

1.557 

212 

14,959 

The  scale  adoi)te(l  by  tlu^  joint  committee  of  operators  and 
miners  in  April,  1906,  which  is  to  be  operative  two  years,  is 
practically  the  same  as  the  1904  scale  and  it  may  be  confidently 
predicted  that  there  will  be  no  great  reduction  in  price  of  coal 
during  1906  and  1907. 

Clay. 

There  was  a  slight  falling  off  in  total  production  of  clay  prod- 
ucts for  1905  as  compared  with  the  preceding  year.  The  shrink- 
age was  due  to  a  falling  off  in  the  sales  of  structural  brick  and 
burnt  clay  ballast.  The  production  of  the  latter  product  has 
always  been  very  variable  and  none  was  manufactured  during 
1905.  The  rapid  growth  in  the  manufacture  of  lime  and  cement 
brick  and  cement  block  has  been  responsible,  doubtless,  for  the 
decreased  production  both  of  structural  brick  and  building  stone. 
In  the  manufacture  of  drain  tile  there  was  an  increase  of  more 
than  fifteen  per  cent  over  1904.  Outside  of  drain  tile  and 
burnt  clay  ballast  there  are  no  important  changes  to  record. 
The  production  was  distributed  as  follows: 


CLAY    PRODUCTION. 
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1904 

1905. 

THOUSANDS. 

VALUE. 

THOUSANDS. 

VALUE. 

Common   brick 

207,750 

8.330 

15,925 

$1,430  581 

101.558 

199,528 

972 

300 

1,321,745 

94,800 

164  658 

100, UdO 

66.050 

7  184 

170.067 

5  937 
12,963 

$  1,367  742 

Front  brick   

63  137 

Paving  brick   

Ornamental 

130,003 

Fire  brick 

Drain  tile .... 

20 

50 

869 
1,531  376 

Sewer  pipe  

90  000 

Hollow  block 

134.418 

Railway  ballas         

Pottery   . .        

68  659 

Miscellaneous..   

21.466 

Total       

$  3.487.376 

$  3,408.547* 

*    Includes  $877  raw  clay  sold. 

While  the  production  of  common  brick  declined,  the  price 
shows  a  marked  increase.  Pavers  and  front  brick  declined  in 
price.  The  average  prices  for  the  principal  grades  of  brick  man- 
ufactured in  Iowa  are  given  below  for  1905  and  the  two  pre- 
ceding years. 


Iowa 


Whole  United 
States 


1903 

1904 

1905 

1904 

Common  brick.  .*. 

Front   brick 

Paving  brick 

$ 

7  08 
10  63 
10.62 

I 

6  89 
12.17 
12.53 

$ 

8.03 
10  63 
10.03 

$ 

5.97 
12  80 
10.24 

The  distribution  of  clay  products  by  counties,  showing  the 
common  brick  and  total  brick  in  thousands,  the  value  of  common 
brick  and  of  total  brick,  value  of  drain  tile  and  total  value  of 
clay  products  are  shown  in  table  No.  III. 
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TABLE  No.   in. 

CLAY  PRODUCTION  BY  COUNTIES  FOR  1906. 


COUNTIES. 


COMMON    BRICK. 


Quan- 
tity in 
Thous- 
ands. 


TOTAL    BRICK. 


DRAIN 
TILE. 


Adair 

Adams 

Appanoose.... 

Audubon  

Benton , 

Black    Hawk. 

Boone       

Buenj^  Vista.. 

Butler 

C  alhdun 

Carroll 

Ci-s      

Cedar 

Oerro  Gordo. 

Clark 

Clay 

Clayton. 

Clinton  

Crawford  .... 
Dallas 

Davis 

Decatur. 

Des  Mt)ines.    . 

Delaware 

Dubuque  .... 

Emmet 

Fayette  .... 

Floyd 

Franklin 

Fremont    .... 

Greene 

Grundy  .    .... 

Guthrie 

Hamilton 

Hancock   .... 

Hardin 

Harrison   .... 

Henry 

Howard. 
Humboldt  . . . . 

Ida 

Iowa 

Jackson 

Jasper 

Jefferson 

Johnson  

Jones 

Kossuth     

Keokuk 


3 

5 
2 

l! 

6 
I 

5 
2 

1 

3: 

ii 

4 

1 
4 
1 
1 
3 
4 
2 

10! 
1! 


05(1 
285 
420 


1.245 

3.411J 
250| 

loo] 

1,593' 

3.76i| 


Value. 

;     9.800! 

9  7371 
17.3G0! 

8.9G0, 

24.279 
2,00 

I 

800 ' 
11.42oi 
23  GlJ'i 


Quantity 
in 
Thous- 
ands. 


Value. 


I 
I 

.135 

.  7.S0i 

400l 

,0h7: 

450, 
05nl 
51  li 
.9H5 


1,071 


1 

1 

5 

1.025 

2 

55 

1 

3 

507 

2 

1  165 

5 

275 

6 

2,0'^5 

5 

330 

1 
1 

i 
6 

2,870 

1 

f 

2,075 

3 

900 

5 

4,1>0 

4 

555 

1 

8 

1  472 

4 

1.647 

r>.yooi 

IG  7G<  , 

10  0.0 

22.243 
I 

3  3r0 
15.525i 

3  G4:t' 
31.828 

G,44G 


7  0:»7 
495 

3.941 
9  195 

2  550 

13.870 

2.469 


18  440 

14.400 
7  200 

28  450 
4.245 


11. 
11. 


167 
180 


I 


1.071. 


1.0  \S 

55 

507 
l.H>5 

331 

2.0^5 

330 


2.870 

2,125 
9r'0 

4.150 
555 

1,472 
1.747 


Value. 


TOTAL 
VALUE. 


1  050,$ 
1  2S5 
2.424! 


1   245 

5.5^>s; 
2501 

lUOj 

1.5! -3! 

3.7G!; 

i 

1  135. 

J.7MJ 

1  7()i' 
3.113 

^A 

2  420 

51:1 
4.9651 


I 
9  800$ 
^^737. 
17.40L.' 

S.9G" 

44.9U2 
2.000' 

8o'0 

11.420' 

23.G19, 


3,3U0 

19.  13-^ 

3  64  j' 

31,82«i 

I 

6.446 


7,097 
495 

3  94i 
9.195 

3.2.=^0 

13,870 

^.469 


18.440 

14.900 
7.200 

28,450 
4,245 

11   167 
12.080 


7.000 

11  400 

400 

16  364 

25  438 

24.6^4| 

29.0001 

1  mv 

264.20oi 


6  V^Oo  '>()(», 

16  760 1  3.500 

i3.3(in!    

22  793,  131.870 


4. SO 
4  5iO, 
2.700: 


2  000 


54.807 

4.7'->:| 

34  4.Si.^ 

57,550' 

" 15  466 


18,600 

9.80(1 

46  800 

6.000 

9  9  2 

43.836 
625 


16,800 
21.137 
17,800 

25,624 

72.141 
26.654 

30.0C0 

13  389 

318.884 


7,500 

20.260 

13.300' 

157.663 

3  750 
24,232 

9.343 
31,828 

8,946 


7.097 
57,102 

9,451 
46  270 

61,600 
13  870 
17.935 


37,040 

24.700 
54.000 
34  450 
14,157 

55.003 
12.705 
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TABLE  No.  Ill— Continued. 
CLAY  PBODUCTION  BY  COUNTIES  FOR  1905. 


COUNTIES. 


0)3 


COMMON   BRICK. 


TOTAL    BRICK. 


Quan- 
tity in 
Thou  8- 

anas. 


Value. 


Quantity 
in 
Thous- 
ands. 


Value. 


Linn 

Louisa 

Lucas 

Mahaska 

Marion 

Marshall  .    . 

Mills 

Montgomery. . 

Muscatine 

Page 

Plymouth 

Pocahontas . . . 

Polk 

Pottawattamie 
Poweshiek  . 

Ringgold 

Scott 

Shelby 

Sioux 

Story 

Tama 

Taylor 

Union 

Van  Buren 

Wapello 

Warren 

Washington  .. 

Wayne 

Webster 

Winneshiek. . 

Woodbury 

Worth 

Wright 

Single  Produc- 


ers 


Total . 


7 
2 
1 
6 
5 
8 
4 
8 

12 
7 
1 
2 

19 
8 
3 
3 
5 
1 
3 
4 
6 
3 
2 
2 
4 
1 

6 
4 
11 
1 
6 
1 
4 
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3,510 
175 

2,839 
2.570 
2,006 
1.570, 
3.274 
3,721: 
5,680 

465 

29.062 

10,358 

610 

810 

3,599 


;     24,520 
l,200j 

21,834 
18.295 
13.295 
12,290 
25  337 
21,154 
40.750 

4,120 

222.157 

74,506 

4.9no 

6,218 
22.870 


1,180 

8.440 

475 

3.425 

4.226 

27.076 

773 

5,702 

2,222 

17.554 

384 

2.788 

6,157 

41,758 

1,232 

8,204 

990 

7,183 

4,623 

32,701 

18,707 

245 

7.017 

170.064 


287,4871 

I 

1,960' 
50.699, 


3,510 
175 

4,839 
2.570 
2,006 
1,570 
3,334 
3.721 
5,()80 

46; 

38,775 

10,3^8 

610 

810 

3,639 

1,180 
725 

5.614 
773 

2,222 
384 

6575 

l.i32 

990 

5  794 

19,522 

245 

7,017 


1.367,742'  ♦189,017 


DRAIN 
TILE. 


Value. 


TOTAL 
VALUE. 


24,520$ 
1,200! 


41,834 
18.295 
13,295 
J  2, 290 
26,1 18 
21,154 
40,750 


4,120 
324,718 

74,50(i 
4.900 
6.218 

23,370 

8,440 

5,575 
40,576 

5,702 
17,554 

2,7^8 
45.448 

8.204 

7.183 

45.066 

295,729 

1,960 

50,696 


$  1,561.748 


9,653 
5,400 

24,012 

30,600 
15,065 


7,505 

2.000 

20,750 

109.830 

78,050 

110 

16,145 

180 

3,000 


14,975 

32.170 

1,695 

6,400 


25.215 
34.799 


149,964 
13/JC4 
44,5-  0 
56.7 


$1,531.?  6 


34,173 
6,600 

66.546 
48.895 
35.560 
12.290 
38  739 
30,715 
61,500 

113.950 

544.368 

74  616 

21,295 

6.398 

50,622 

8,440 
20.550 
72,746 

7,397 
23,954 

2,788 
74.899 

43,003 

7,183 

272,070 

309,658 

46,460 

:  08.501 


t$3,408  547 


•includes  24,000  paving  brick  produced, 
tlncludes  $877  raw  clay  sold. 

According  to  the  United  States  Geological  Survey,  Iowa  ranks 
ninth  in  the  production  of  clay  products  for  1904,  producing 
2.f)4  i)er  cent  of  the  total  production  of  the  United  States. 
According  to  advance  sheets  from  the  United  States  Geological 
Survey,  Iowa  has  not  changed  her  rank  for  1905  but  produced 
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2.73  per  cent  of  the  output  of  the  entire  country.  For  1904  she 
ranked  eighth  in  the  manufacture  of  paving  brick,  fourth  in 
hollow  building  block  and  first  in  the  manufacture  of  drain  tile. 
In  the  last  named  product  she  bids  fair  to  hold  her  supremacy 
for  some  time  to  come.  The  ten  leading  clay  producers  for  1904 
were  as  follows : 


NUMBER    OP    PRO- 
DUCING FIRMS 
REPORTING. 


TOTAL  CLAY. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Ohio 

Pennsylvania. 
New  Jersey.. . 

Illinois.... 

New  York 

Indiana 

Missouri  

California 

Iowa . 

Kentucky 


819 
529 
161 
492 
240 
465 
232 
121 
327 
120 


25.647.783 

16  821.863 

13.304  047 

10.777  447 

10.543.070 

5.902  589 

5,481,504 

3.624  734 

3  487.376 

2,087.277 


The  center  of  production  of  clay  wares  is  moving  slowly  to- 
ward the  northwestern  portion  of  the  state.  New  factories  are 
being  built  in  the  north  and  west  while  a  considerable  number 
of  old  plants  are  idle  in  the  south  and  east  i^ortions  of  the  state. 
This  shifting  is  due  largely  to  the  great  demand  for  drain  tile 
in  the  Wisconsin  drift  portion  of  the  state.  The  leading  prod- 
ucts are  tabulated  showing  the  changes  in  the  industries  during 
the  past  six  years. 


YEAR 

COMMON 

BRICK. 

TOTAL 

BRICK. 

DRAIN    TILE. 

POTTERY 

TOTAL  CLAY. 

1900 

$  1,386,641 

$  1.621.6U4 

$            377.586 

$        31.339 

$           2.291.2^1 

1901 

1.611.040 

1.944.351 

534.935 

26.200 

2,737,825 

1902 

1,575.959 

1  891.366 

672.212 

43,387 

2  843.336 

1903 

1.396,088 

1.703,050 

I  009.933 

55,762 

3  033  583 

1904 

1,430.581 

1,732,719 

1.321,74S 

66  050 

3.487.076 

1905 

1,367,742 

1,561.742 

1.531,376 

68.659 

3.408  547 

The  outlook  for  1906  is  favorable  for  drain  tile  and  probably 
for  the  entire  clay  output.  The  Barber  Asphalt  Company  are 
installing  an  up-to-date  equipment  in  their  Des  Moines  plant 
and  promise  to  materially  increase  the  output  of  paving  brick 
in  the  near  future.  The  Mason  City  Brick  and  Tile  Company 
have  added  a  third  section  to  their  plant,  thus  increasing  their 
capacity  fifty  per  cent.  Both  improvements  will  affect  the  out- 
put for  the  current  year. 
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Stone. 

The  stone  industry  appears  to  be  still  on  the  decline  although 
the  falling  off  amounted  to  less  than  two  per  cent  when  com- 
pared with  the  production  for  1904.  The  greatest  falling  off 
wns  in  the  manufacture  of  lime  and  the  sale  of  rough  stone. 
Both  building  stone  and  crushed  stone  show  good  increases. 
Many  of  the  smaller  quarries  were  idle  during  the  year  or  were 
operated  only  intermittently. 

The  production  for  1905  was  distributed  as  follows: 


LIMESTONE  USED   FOR: 


VALUE  1903. 


VALUE  1904. 


VALUE  1906. 


Buildint!  purposes... 
Klaj^ging  &  curbing. 

Lime       

Crushed  stone 

Road  making.    . 

Railway  ballast. 

Concrete 

Rubble  &  riprap 

Miscellaneous 

Sandstone 


Total $ 


204.769 

13.793 

113,195 

102.403 
12.243 
68.763 

102.403 

2.158 

17,008 


636.735 


162.577 

8.970 

91,008 

53.082 
5.549 

97.274 

113  568 

1.565 

8.575 


542.168    $ 


171,041 
17.161 
76.704 

70,411 
13.025 
90.634 
80.747 
6  043 
7.743 

5<3.509 


The  completion  of  the  Historical  Building  in  Des  Moine.s  con- 
tributed to  the  increase  in  the  output  of  building  stone.  Another 
encouraging  symptom  was  the  use  of  Iowa  stone  for  bridge  pur- 
poses. Nearly  ^5,000  worth  of  stone  was  reported  sold  for 
bridge  work.  Portland  cement  and  imported  limos  are  largely 
responsible  for  the  decline  in  the  production  of  domestic  limes. 
Table  No.  IV  gives  the  production  of  limestone  by  counties 
and  specifies  the  various  grades  of  stone  put  upon  the  market. 
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Fourteen  counties  with  twenty-five  producers  reported  sand- 
stone. The  production  for  1905  amounted  to  $7,743  and  was 
used  almost  wholly  for  building  purposes.  Small  amountp  were 
used  for  curbing  and  flagging  and  for  road  work.  Jones  and 
Scott  are  the  only  counties  showing  an  increased  production  of 
limestone  and  rank  first  and  second  respectively  in  total  pro- 
ductions. Jackson  remains  at  the  head  of  the  list  of  lime  pro- 
ducers. The  table  below  gives  the  condition  of  the  stone  indus- 
try during  the  past  seven  years. 


LIMESTONE. 

SANDSTONE. 

TOTAL 

TBAb. 

STONE. 

BUILDING. 

LIMB. 

CRUSHED 
STONE 

BUBBLE  AND 
RIPRAP. 

1899 

$      312.595 

$      102.611 

$      158  917 

$         139  064 

$        24  348 

$        809  928 

1900 

248  833 

110.589 

1.^3.920 

58  493 

19.063 

605  473 

1901 

272.501 

221,760 

183.902 

85.343 

14, Ul 

791.827 

1902 

)95.009 

114.051 

153.372 

176  927 

15.061 

66.S.048 

1903 

204  769 

113.195 

144  643 

102  403 

17.00S 
8.575 

636.735 

1904 

162  577 

91,008 

153  372 

113.568 

542.168 

1905 

171.041 

76.704 

174.070 

80.747 

7.743 

533.509 

The  fluctuations  in  production  of  rubble  and  riprap  seem  to 
be  dependent  on  the  Mississippi  river  improvements.  The  Gov- 
ernment qucrries  near  Burlington  were  idle  during  1905  and 
were  operated  vigorously  during  1902. 

Gypsum. 

The  gypsum  production  for  1905  shows  a  splendid  increase 
in  both  tonnage  and  value.  The  gross  output  of  crude  gypsum 
for  the  year  was  reported  to  be  179,016  tons  valued  at  $108,833, 
an  increase  in  production  of  more  than  twenty  per  cent.  The 
selling  price  of  the  manufactured  product  shows  a  slight  increase 
over  the  preceding  year.  In  the  table  below  is  given  the  dis- 
tribution of  the  product  for  1905  as  compared  with  the  two 
preceding  years. 


1903 

1901 

1905 

TONS 

VALUE 

TONS        !  VALUE 

1 

TONS 

VALUE. 

Wall  or  cement  plaster. 
Platte*'  of  Paris , . 

87  397 

30  306 

2  098 

703 

$411.50.'? 

100.744 

9  229 

1  534 

94  811 

19.540 

933 

2.0  3 

$399  281 

64,112 

1.8-6 

4.223 

119.252 
4  5^6 
2.7?3 
4.8h7 

$558  992 
17.9«3 

Lnod  plaster 

Sold  crude 

2.723 
9,357 

Total 

120.504 

$523,010 

117.297 

$469,432 

131,408 

$589,055 

LEAD  AND   ZINC    PRODUCTION.  86 

One  and  possibly  three  new  companies  are  about  to  organize 
and  plants  may  be  built  during  the  present  year. 

Lead  and  Zinc. 

The  lead  and  zinc  industry  in  Iowa  is  practically  a  negligible 
quantity  at  the  present  time.  But  little  zinc  ore  has  been  pro- 
duced and  none  marketed  in  the  state  during  the  past  two  years. 
Good  zinc  ore  in  commercial  quantity  will  undoubtedly  be  found 
in  Iowa  in  the  deeper  levels  but  these  levels  are  not  being 
exploited  at  the  present  time. 

The  report  for  lead  is  but  little  more  encouraging.  The  Wai- 
ter's Smelter  was  in  operation  and  turned  out  its  usual  amount 
of  business  but  nearly  all  of  the  ore  treated  was  purchased  from 
the  Wisconsin  and  Illinois  producers.  Iowa  contributed  scarcely 
a  hundred  tons  of  lead  ore  for  the  entire  year  1905.  Dubuque 
county  was  the  only  producer.  The  price  of  ore  remained 
about  the  same  as  for  the  preceding  year;  about  $27.00  per  thou- 
sand pounds. 

Sand -Lime  Brick. 

The  sand-lime  brick  industry  shows  a  substantial  growth  in 
the  state  for  the  year  1905  but  not  the  mushroom  growth  some 
of  the  enthusiastic  manufacturers  of  sand-lime  brick  machinery 
predicted.  Three  plants  were  in  operation  during  the  year  and 
a  fourth  was  installed  and  will  contribute  to  the  total  for  1906. 
The  plants  in  operation  at  the  present  time  are  located  at  Clin- 
ton, Cedar  Rapids,  Waterloo  and  Sioux  City. 

The  production  for  1905  was  distributed  as  follows : 


THOUSANDS. 

VALUE. 

Common  brick 

3.974 

625 

40 

$ 

28.783 

7.675 

800 

Front  brick 

Fancy  brick 

Block  

1,384 

Total 

$ 

19  «  2 

The  output  for  1904  was :  brick  1,962,000  valued  at  $13,907. 
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Mineral  Water. 

Iowa  is  fast  becoming  an  important  producer  of  mineral  water. 
While  by  far  the  larger  number  of  wells  and  springs  producing 
mineralized  waters  produce  for  home  consumption  only,  three 
localities,  of  which  Colfax  is  the  most  important,  bottle  and  ship 
the  water.  The  gross  sales  for  1905  amounted  to  303,500  gal- 
lons valued  at  $30,400. 

Iron. 

The  steady  demand  for  iron  and  iron  products  has  brought 
the  iron  knobs  in  Allamakee  county  again  into  prominence. 
Iron  Hill  and  two  other  hills  near  Waukon,  known  to  be  capped 
with  bodies  of  iron  ore,  have  been  thoroughly  prospected  dur- 
ing the  past  year.  The  test  pits  and  drill  holes  bear  out  fully  the 
previous  reports  of  the  Iowa  Geological  Survey  as  to  the  extent 
and  richness  of  these  ore  bodies.  It  is  the  intention  of  the  com- 
pany holding  the  options  to  explore  thoroughly  all  of  the  known 
ore  bodies  of  the  district.    No  ore  was  marketed  during  the  year. 

Portland  Cement. 

Ever  since  the  organization  of  the  present  survey,  raw  mater- 
ials suitable  for  the  manufacture  of  Portland  cement  have  re- 
ceived attention  from  the  various  members  in  their  county  and 
special  reports.  That  the  state  contained  suitable  materials 
was  established  beyond  a  doubt  but  only  recently  has  any  sub- 
stantial progress  been  made  toward  their  utilization. 

During  the  early  part  of  the  present  year  options  were  taken 
on  extensive  tracts  of  the  limestone  and  shale  in  the  vicinity 
of  Mason  City  in  Cerro  Gordo  county  and  the  Northwestern 
States  Portland  Cement  Company  was  organized  with  headquar- 
ters in  Minneapolis.  This  company  has  optioned  and  purchased 
sufficient  raw  materials  to  last  them  several  generations  and  at 
this  time  is  erecting  a  modem  Portland  cement  plant,  with  a 
daily  capacity  of  4,000  barrels.  The  completed  plant  is  assured 
in  the  shortest  time  possible  to  build  a  plant  of  that  magnitude. 
Conservative  business  men  are  backing  the  enterprise  and  the 
suitability  of  the  materials  has  been  thoroughly  demonstrated 
by  the  Survey,  both  chemically  and  by  actual  burning  tests. 
Several  other  Portland  cement  companies  are  searching  dili- 
gently for  suitable  locations  in  Iowa;  and  one  at  least  has 
already  secured  options  preliminary  to  location.  Iowa  prom- 
ises to  contribute  her  share  toward  the  cement  industry  in  the 
near  future. 
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GEOGRAPHIC  AND  GEOLOGIC  RELATIONS. --AREA. 


In  some  respects  Winneshiek*  is  the  banner  county  of  the 
state.  By  virtue  of  its  location  it  possesses  a  greater  variety  of 
soils  and  offers  a  greater  range  of  agricultural  possibilities  than 
most  of  the  other  counties;  it  has  more  geological  formations 
than  any  other;  it  presents  an  imusual  number  of  scientific  and 
economic  problems  for  the  consideration  of  the  geologist. 
Gteographically  the  county  lies  in  the  northeastern  part  of  the 
state;  it  is  separated  from  the  Mississippi  river  by  one  county, 
Allamakee,  which  bounds  it  on  the  east;  its  northern  boundary 
is  the  state  line  between  Iowa  and  Minnesota,  the  parallel  of  43° 
S(y  north  latitude ;  on  the  south  lies  the  great  county  of  Fayette ; 
while  the  counties  of  Chickasaw  and  Howard  bound  Winneshiek 
on  the  west.  Winneshiek  is  one  of  the  larger  counties  of  the 
state,  embracing,  as  it  does,  twenty  congressional  townships. 
The  northern  townships,  however,  measure  only  about  five  miles 
from  north  to  south,  each  lacking  the  northern  sections  1  to  6 ; 
the  sections  along  the  west  side  of  Lincoln  and  Orleans  town- 
ships are  fractional;  the  area  of  the  county  is  approximately 
690  square  miles. 

Topographically  and  geologically  the  location  of  the  county 
is  such  as  to  give  this  area  unusual  interest.  Along  its  eastern 
border,  and  generally  throughout  the  whole  belt  traversed  by  the 
Upper  Iowa  or  Oneota  river,  the  surface  presents  the  rugged 
characteristics  and  conditions  of  the  ''Driftless  Area'|  with  its 

•The  Rpelline  of  the  name  of  this  county  has  varied  f  ron  WmneMh^k  to  Winne- 
shiek. The  first  spelline*  is  not  uncommon,  especially  on  the  older  maps  and  in 
the  earlier  publications  relatlnfirto  this  part  of  Iowa;  but  the  second  spellinir  is 
that  authorized  by  the  United  States  Board  on  Qeoe-raphic  Names  and  used  in 
all  the  official  publications  of  the  Federal  Government.  Hh.-  seei-nd  H'v*»rt  nf 
tf^  f'rwed  Stat fm  Board  >n  Qeoyruphic  Name»  Ib9(hl899,  tiecond  Editiont  paffe  140, 
Washinsrton,  March.  1901. 

(43) 


/ 


44  INTRODUCTION. 

deep,  rock-cut  valleys  and  stony,  barren  hills.  The  uplands  in 
the  northeastern  two-thirds  of  the  county  are  characterized  by 
the  strongly  undulating  topography  which  everywhere  accom- 
panies the  old,  eroded  Kansan  drift  with  its  veneer  of  loess.  In 
the  west  and  southwest  are  gently  undulating  areas  of  the 
uneroded,  younger  lowan  drift.  The  ill  defined  border  land 
between  the  driftless  and  drift-covered  portions  of  the  state 
passes  through  the  county,  and  the  county  is  also  traversed  by 
the  rather  sharply  defined,  sinuous  line  which  marks  the  abrupt 
transition  from  the  younger  lowan  to  the  older  Kansan. 

The  claim  of  Winneshiek  to  being,  geologically,  the  banner 
county  of  the  state  might  well  rest  on  the  number  of  distinct 
formations  represented  by  the  indurated  rocks.  In  the  extremt; 
eastern  edge  of  the  county  the  Jordan  sandstone,  the  uppermost 
member  of  our  Upper  Cambrian,  occupies  some  small  areas  in 
the  valley  of  Bear  creek  and  along  the  Upper  Iowa  river,  and 
this  is  followed  in  succession  by  the  Oneota,  the  New  Richmond, 
the  Shakopee,  the  Saint  Peter,  the  Platteville,  the  Galena,  the 
Maquoketa,  the  Niagara,  and,  finally,  the  Wapsipinicon  and  Ce- 
dar Valley  stages  of  the  Devonian.  Within  the  limits  of  our  area 
the  Maquoketa  presents  a  number  of  unique  features  not  seen 
elsewhere,  and  wholly  unlike  anything  appearing  at  the  type 
localities  in  Dubuque  county.  As  a  matter  of  fact  the  Maquoketa 
proves  to  be  the  most  variable  and  versatile  of  all  our  geological 
formations,  changing  in  lithological  and  faunal  aspects  from 
county  to  county  in  the  most  surprising  and  unexpected  ways, 
and  some  of  its  most  striking  variations  occur  in  Winneshiek. 
Here,  in  the  middle  of  the  formation,  to  give  a  single  illustra- 
tion, are  forty  feet  or  more  of  hard  crystalline  dolomite,  cherty 
in  places,  so  entirely  different  from  the  typical  Maquoketa  shales 
of  White*  that  some  very  competent  geologists  have  mistaken 
the  beds  for  the  Galena,  and  some  for  the  Niagara  limestone. 
The  Niagara  also  presents  some  unusual  characteristics.  Litho- 
logically  it  differs  from  the  Niagara  of  the  counties  farther 
south,  and  it  is  quite  erratic  in  its  distribution.  While  it  is 
present  in  some  prominent  knobs  and  higher  uplands  on  the  east 

*Beport  on  the  Geological  Surrey  of  the  State  of  Iowa,  by  Charles  A.  White, 
M.D.,  Volume  I,  pasre  180,  Dee  Moines,  1870. 
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side  of  the  Turkey  river  a  few  miles  southeast  of  Fort  AtkinsoUi 
it  is  entirely  absent  west  of  a  line  drawn  through  Fort  Atkinson ' 
and  Ridgeway.  In  this  western  part  of  the  county  the  soft,  mag- 
nesian  Devonian — with  its  spirifers,  productellas  and  other 
fossils  represented  by  casts  and  clear  cut  impressions — over- 
laps on  eroded  Maquoketa.  The  complete  disappearance  of  the 
Niagara  and  the  unexpected  relations  of  the  Devonian  to  the 
Ordovician  are  features  which,  as  already  shown*,  Winneshiek 
shares  with  Howard  county. 

The  greater  part  of  Winneshiek  county  is  located  in  the  smaU 
drainage  area  which  is  set  off  from  the  general  drainage  of  the 
eastern  slope  of  Iowa  by  the  Cresco-Calmar  ridge.  The  sig- 
nificance of  this  ridge  and  its  relations  to  the  drainage  of  north- 
eastern Iowa  are  discussed  in  the  report  on  the  Geology  of 
Mitchell  County,  pages  297  and  298,  published  in  volmne  XIII  of 
these  reports. 

PREVIOUS  GEOLOGICAL  WORK. 

As  compared  with  many  of  the  other  counties  of  Iowa, 
Winneshiek  has  received  a  fair  degree  of  attention  from  official 
geologists.  It  is  quite  certain  that  the  territory  embraced  within 
the  limits  of  our  area  was  visited  by  D.  D.  Owen  in  1847.  In  his 
'*  Report  of  a  Geological  Reconnoissance  of  the  Chippewa  Land 
District,  etc.",  published  in  1848,  Owen,  on  page  24,  mentions  a 
bend  in  the  Upper  Iowa  river  **  where  the  stream  flows  over 
solid  ledges  of  magnesian  limestone",  which  place  he  locates 
*' eight  or  ten  miles  below  the  Big  Spring,  and  by  water  about 
sixty  miles  above  the  confluence  of  the  upper  Iowa  with  the 
Mississippi."  Reference  is  made  to  essentially  the  same  locality 
on  page  35  of  the  same  report.  +  Now  the  only  points  where  the 
Upper  Iowa  river  flows  over  ledges  of  the  lead-bearing,  mag- 
nesian limestone  which  Owen  had  in  mind,  are  to  be  found 
between  Decorah  and  the  eastern  border  of  the  county.  At 
Decorah  the  stream  flows  over  the  lower  beds  of  the  Platteville 

♦Qeoloiry  of  Howard  county,  by  Samuel  OalYin,  pp.  25  and  88,  Iowa  Qeoloe-ical 
Survey.  Vol.  XIII,  Des  Moines,  1903. 

+  This  locality  is  mentioned  in  essentially  the  same  terms  on  pag-e  63  of  the  en- 
larged fi'po'tt  nf  n  f^pnloaial  Surv  p  o-  M'tjirmix//*  Iowa  and  >^inn*m.tn  by  David 
Dale  Owen,  Philadelphia.  1852.  In  this  publication  he  ledges  over  which  the 
stream  flows  are  specifically  stated  tob#»**Lower  ^  airnesian  Limestone";  and  the 
adjective  part  of  tne  name  of  the  stream  is  capitalized,  making-  it  the  "Upper 
Iowa". 
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limestone  and  the  upper  beds  of  the  Saint  Peter  sandstone.  A 
few  miles  below  Decorah  the  Saint  Peter  is  cut  through  to  the 
Shakopee  or  Upper  Oneota,  and  before  the  east  line  of  the 
county  is  reached  the  stream  has  cut  through  the  whole  thickness 
of  Owen's  Lower  Magnesian  limestone,  down  into  his  Lower 
sandstone,  the  Saint  Croix.  From  the  west  line  of  Allamakee 
county  to  its  mouth,  the  Upper  Iowa  flows  in  a  channel  cut  in  the 
Saint  Croix  sandstone. 

In  Hall's  Geology  of  Iowa  there  is  a  report  on  * ' Winnesheik 
County"  by  J.  D.  Whitney*  in  which  he  recognizes  a  succession 
of  strata  '^from  the  Lower  Sandstone  as  far  up  in  the 
series  as  the  lower  beds  of  the  Galena."  The  hard 
crystalline  dolomite  at  Fort  Atkinson,  now  known  to  be- 
long to  the  middle  of  the  Maquoketa  or  Hudson-River 
stage,  is  spoken  of  as  '^undoubted  Galena  limestone." 
Nothing  higher  than  the  Galena  is  positively  recognized  in  the 
county,  but  later  formations  are  suggested  by  finding  *'in  the 
extreme  southwest  corner  of  the  county,  an  elevated  ridge,  run- 
ning parallel  with  the  course  of  the  Little  Turkey,  in  which  no 
rock  is  exposed,  but  which,  from  its  position  and  relations  to 
the  rocks  known  to  exist  in  the  neighboring  counties,  is  undoubt- 
edly the  outcrop  of  the  Niagara  limestone." 

In  Dr.  White's  report  on  the  Geological  Survey  of  the  State 
of  Iowa,  published  in  1870,  there  are  no  references  to  Winneshiek 
county  as  such,  but  on  page  80  of  volume  I  there  is  a  very  good 
description  of  the  ice  cave  at  Decorah. 

Winneshiek  county  is  embraced  in  the  area  studied  by  McGee 
and  reported  on  in  detail  in  his  Pleistocene  History  of  North- 
eastern Iowa,  In  this  memoir,  which  forms  the  major  part  of 
the  Eleventh  Annual  Eeport  of  the  United  States  Geological 
Survey,  1891,  there  are  descriptions  of  the  topography,  drainage, 
soils,  rocks  and  well  sections  of  this  county.  The  hard, 
Maquoketa  dolomite  at  Fort  Atkinson,  however,  seems  to  be 
counted  as  part  of  the  Niagara  escarpment. 

Numerous  articles  on  the  Decorah  ice  cave  have  appeared 
from  time  to  time  in  the  newspapers  and  magizines.     An  article 

♦Report  on  the  Geological  Surrey  of  the  State  of  Iowa  by  James  Hall.  ''tntf. 
G'o}ogUt,&ndJ,D.  Whitney^  Chtmmt  and  MineialoffUt;  Vol.   1.  Part  I.  pp    312-317, 
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by  A.  F.  Kovarik  in  the  Scientific  American  Supplement  for 
November  26,  1898,  is  of  especial  interest.  Mr.  E.  S.  Balch 
refers  at  some  length  to  the  ice  cave  at  Decorah  in  his  exhaustive 
volume  on  Glacieres  or  Freezing  Caverns,  published  in  Phila- 
delphia, 1900. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

It  is  probably  true  that  no  county  in  Iowa  presents  a  greater 
range  of  topographic  forms  than  Winneshiek.  The  county  lies 
within  the  limits  of  maximum  preglacial  uplift  for  this  part  of 
the  Mississippi  valley;  and  so,  before  the  advent  of  the  earliest 
glacial  ice,  the  drainage  streams  had  carved  deep  trenches  and 
gorges  in  the  indurated  rocks.  At  least  two  of  the  great  ice 
sheets  from  the  Keewatin  centers  of  dispersion — the  Kansan 
and  the  lowan — invaded  the  county,  and  each  has  left  its  impress 
on  the  topography.  It  was  only  the  attenuated  margins  of  these 
ice  sheets,  however,  that  reached  the  territory  we  are  consider- 
ing, and  in  each  case  the  amount  of  detrital  material  carried  was 
comparatively  small.  The  result  was  that  the  very  thin  mantle 
of  drift  deposited  over  the  county  produced  practically  all  of 
its  effects  on  the  uplands,  so  far  as  it  was  effective  in  modifying 
and  disguising  the  old  topography.  Along  the  main  drainage 
courses  it  was  quickly  swept  away,  leaving  all  the  larger  valleys, 
and  the  territory  immediately  contiguous  to  them,  in  possession 
of  their  preglacial  characteristics.  Preglacial  topography,  or 
Driftless  Area  topography,  for  example,  is  illustrated  along  the 
whole  course  of  the  Upper  Iowa  or  Oneota  river  in  Winneshiek 
county.  The  stream  flows  in  a  deep,  rock-cut  canyon  from  the 
point  where  it  enters  the  county,  near  the  northwest  comer, 
until  it  takes  its  final  departure,  near  the  mouth  of  Canoe  creek, 
in  section  25  of  Pleasant  township.  The  part  of  the  valley  about 
Decorah  and  thence  northwestward  to  the  county  line,  is  walled 
with  bold,  precipitous  and  picturesque  cliffs  of  the  Galena  lime- 
stone, and  all  the  tributaries  entering  the  stream  in  this  part  of 
its  course  flow  in  steep-sided,  rocky  gorges.  The  bluffs  about 
Decorah,  rising  sheer  in  places  to  hights  of  more  than  100  feet, 
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and  continuing  to  rise  in  ronnded  slopes  for  another  100  feet  or 
more,  are  typical  of  those  seen  at  other  points  along  the  upper 
courses  of  the  river  in  this  county.  The  general  direction  of 
the  stream  northwest  of  Decorah  is  nearly  parallel  to  the  strike 
of  the  strata,  and  for  this  reason  the  same  beds  and  the  same 
general  type  of  escarpments  recur  at  all  the  numerous  points 
where  cliffs  are  developed.  Such  variations  as  do  occur  in  the 
appearance  of  cliffs  arise  from  the  fact  that  in  following  the 
windings  of  the  river  the  cliff  faces  are  sometimes  parallel  to 
the  master  joints  that  cut  through  the  limestone  in  an  east-west 
direction,  and  in  other  cases  are  at  right  angles  to  these  joints. 
The  very  impressive,  regular  and  smooth  surfaced  wall  (Fig.  8) 
that  rises  sheer  from  the  water's  edge,  layer  upon  layer,  at 
Bluffton,  coincides  with  a  great  joint  face;  while  the  more 
picturesque  cliff  above  the  bridge  (Fig.  9),  less  than  a  mile 
away,  and  looking  as  if  made  up  of  massive,  clustered  columns, 
owes  its  striking  peculiarities  to  the  fact  that  its  trend  is  at  right 
angles  to  the  joints.  Weathering  has  eaten  in  along  the  joints, 
widening  them,  dissolving  and  trimming  off  the  angles,  and  leav- 
ing the  roimded,  protuberant  faces  of  the  intervening  blocks  as 
semi-cylindrical  pilasters  supporting  the  massive  wall.  At 
Plymouth  Rock,  a  few  miles  farther  up  the  stream,  there  is 
another  great  cliff  parallel  to  that  above  the  bridge  near  Bluff- 
ton,  and  here,  for  the  same  cause,  the  same  striking,  columnar 
features  are  developed  (Fig.  10). 

A  short  distance  below  Decorah  the  stream  turns  at  right 
'"igles  to  the  course  previously  followed  and  flows  in  a  direction 
opposite  to  the  dip.  The  beds  below  the  Galena  are  quickly  cut 
through,  one  after  the  other,  and  each  affects  the  width  of  the 
valley  and  the  character  of  the  bluffs.  Owing  to  the  presence  of 
the  friable  Saint  Peter  sandstone,  the  valley  widens  out  and  the 
slopes  are  less  steep  for  a  short  distance  above  and  below  Free- 
port.  From  section  9  of  Glenwood  township  to  the  east  county 
line,  the  Shakopee  and  Oneota  dolomites  form  bold  steep  cliffs 
between  which  the  river  flows.  At  the  mouth  of  Canoe  creek, 
in  section  25  of  Pleasant  township,  the  channel  has  been  cut  to  a 
depth  of  thirty  or  forty  feet  in  the  Jordan  sandstone,  but  the 
Oneota  limestone  asserts  itself  in  the  castellated  crags  and 
scarps  that  make  up  the  greater  part  of  the  walls  of  the  valley. 
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The  same  type  of  topography,  unaflfected  by  the  drift  and 
expressed  in  bold,  precipitous,  rocky  cliffs  due  to  preglacial 
eijrosion,  occurs  along  Canoe  creek  in  Canoe  and  Pleasant  town- 
ships; and  also  along  Bear  creek  in  Highland  township,  from 
above  Highlandville  to  the  county  line.  In  this  northeastern  part 
of  the  county  the  principal  cliff-forming  formation  is  the  Oneota 
limestone.  There  are  numerous  low  cliffs  of  Galena  limestone 
along  the  gorges  in  the  southern  half  of  Glenwood  township, 
and  the  upper  beds  of  the  Galena  form  a  vertical  wall  twenty- 
five  to  thirty  feet  in  hight  in  the  banks  of  the  Yellow  river,  near 
the  county  line,  in  section  13,  Bloomfield  township. 

Throughout  the  eastern  portion  of  the  county  there  are 
occasional  patches  of  typical,  weathered  Kansan  drift  on  the 
uplands,  but  there  are  extensive  areas  in  which  no  drift  is  seen, 
and  the  topography  in  general  is  that  of  the  Driftless  Area. 
The  drift  here  is  so  thin,  so  patchy,  so  given  to  appearing  in 
imexpected  places,  that,  notwithstanding  its  inefficiency  in 
modifying  the  preglacial  topography,  and  notwithstanding  the 
fact  that  over  more  than  eight-tenths  of  the  eastern  half  of  the 
eastern  townships  the  loess  rests  directly  on  dark  residual  clays, 
it  is  not  deemed  advisable  to  attempt  to  set  off  the  driftless, 
from  the  drift  covered  parts  of  the  county  by  a  definite  line. 

The  Saint  Peter  sandstone  forms  a  number  of  conspicuous 
knobs,  ridges  and  scarps  in  Highland,  Hesper,  Canoe,  and 
Pleasant  townsliips.  The  deposit,  though  very  friable,  is  insol- 
uble, and,  if  not  exposed  to  mechanical  disintegration,  will  stand 
indefinitely.  One  of  the  most  conspicuous  of  the  ridges  occurs 
in  section  8  of  Highland  township.  In  this  case,  however,  there 
is  a  thin  capping  of  the  Platteville  limestone  on  the  highest 
points.  The  slopes  are  steep,  rising  abruptly  from  a  compara- 
tively level  area  which  coincides  very  nearly  with  the  upper  sur- 
face of  the  Shakopee  limestone.  Practically  the  whole  thick- 
ness of  the  Saint  Peter  is  included  between  the  base  and  sum- 
mit of  the  ridge.  An  escarpment  of  the  sandstone  sends  out 
very  prominent  and  conspicuous  salient  in  section  12  of  Hesper 
township  (Fig.  5).  A  few  rods  south  of  the  Norwegian  Lutheran 
f-hurch  in  the  northern  part  of  section  3  of  Pleasant  township, 
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there  occurs  a  very  characteristic  sandstone  ridge  wMch  rises 
abruptly  from  the  level  region  on  the  north  to  a  hight  of  sixty 
or  seventy-five  feet.  Another  equally  good  illustration  of  the 
peculiar  topography  controlled  by  the  Saint  Peter  sandstone, 
is  seen  in  the  great  ridge  running  through  sections  14,  15  and  16 
of  the  same  township,  northwest  of  Sattre.  Some  prominent, 
conical  knobs  or  monadnocks  of  Saint  Peter  are  seen  in  section 
21  of  Pleasant  township;  while  in  Canoe  township  there  are 
many  knobs  and  ridges  and  other  conspicuous  topographic  forms 
due  to  the  presence  of  the  Saint  Peter  sandstone.  Some  in  the 
southern  part  of  section  13  deserve  especial  mention.  Knobs 
and  ridges  having  the  same  structure  and  the  same  general 
characteristics  are  found  north  of  the  state  line,  in  Minnesota; 
and  it  may  be  remarked  that  the  presence  of  so  many  prominent 
remnants  of  a  sandstone  as  friable  and  as  ready  to  yield  to 
mechanical -disintegration  as  the  Saint  l^eter,  would  indicate  that 
the  glacial  ice  which  spread  the  scattered  patches  of  drift  so  gen- 
erally found  in  all  of  this  region,  was  not  very  effective  as  an 
agent  of  erosion.  The  Jordan  sandstone  of  the  Saint  Croix 
stage  of  the  Cambrian  affects  but  a  very  small  area  in  Winne- 
5  hiek  county  and  is  not  an  important  factor  in  controlling  the 
top  :)graphy.  Nevertheless,  the  stream  valleys  that  cut  into  the 
eastern  edge  of  sections  24  and  25  of  Pleasant  township  and 
section  25  of  Highland  township,  present  decided,  though  low, 
vertical  cliffs  of  the  friable  Cambrian  sandstone. 

The  Shakopee  and  Oneota  limestones  are  traceable  in  the 
topography  over  extensive  areas  in  the  northeastern  part  of  the 
county.  Along  the  stream  valleys  they,  together,  form  bold, 
picturesque,  vertical  cliffs,  as  already  noted;  but  in  the  inter- 
stream  areas  the  Shakopee  gives  rise  to  wide,  nearly  level 
unbroken  spaces  which  coincide  with  the  upper  surface  of  the 
formation  and  surround  the  abruptly  sloping  hills  of  Saint  Peter 
sandstone.  From  the  tops  of  some  of  the  Saint  Peter  ridges  the 
spaces  controlled  by  the  dolomite  may  look  like  very  broad,  flat 
bottomed  valleys.  The  Shakopee  limestone  is  capable  of  resist- 
ing both  solution  and  mechanical  erosion  quite  effectively.  On 
the  other  hand  the  Saint  Peter,  when  cut  through  by  stream  cor- 
rasion,  recedes  rapidly  on  account  of  the  readiness  with  which  it 
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yields  to  mechanical  wear.  This  wear  is  always  greatest  on  the 
steep  slopes  at  the  exposed  edges  of  the  body  of  sandstone ;  and 
so  the  flat  spaces  referred  to  as  determined  and  controlled  by 
the  Shakopee  are  areas  from  which  the  sandstone  has  been  pro- 
gressively stripped  off,  down  to  the  surface  of  the  more  resist- 
ant, underlying  formation. 

The  Platteville  and  Galena  limestones  produce  their  most 
pronounced  effects,  topographically,  along  the  stream  valleys. 
They  yield  quite  readily  both  to  corrasion  and  solution.  •  Their 
influence  is  not  conspicuous  in  the  surface  configuration  of  the 
interstream  spaces,  except  so  far  as  they  are  responsible  for  the 
countless  numbers  of  sink  holes  which  occur  in  the  eastern  part 
of  the  area  of  their  distribution,  in  a  region  where  the  drift 
mantle  is  comparatively  thin. 

The  beds  of  the  Maquoketa  stage  occupy  a  much  larger  area 
in  Winneshiek  county  than  any  other  formation  of  the  indurated 
rocks,  and  throughout  the  greater  part  of  this  large  area  there 
are  no  very  marked  topographic  features  due  to  the  presence 
of  this  formation.  The  beds,  though  much  more  indurated  than 
the  Maquoketd  of  Dubuque  county,  break  down  quite  generally 
under  the  effects  of  weathering,  and  so  cliffs,  knobs  or  ridges  of 
the  Maquoketa  stage  are  exceptional.  Furthermore,  the 
Maquoketa  area  has  been  covered  with  a  comparatively  thick 
mantle  of  drift  which  has  modified  and  concealed  to  a  large 
extent  th?  effects  of  preglacial  sculpturing  of  the  bed  rock. 
About  the  middle  of  the  formation,  however,  there  is  in  this 
county,  as  there  is  in  Fayette,  a  series  of  hard,  crystalline, 
dolomitic  beds,  the  Fort  Atkinson  limestone  (Fig.  12),  forty 
feet  in  aggregate  thickness,  which  gives  rise  to  some  conspicuous 
ridges  and  escarpments.  The  best  example  of  the  effect  of  the 
Fort  Atkinson  beds  is  seen  in  the  high  prominence  on  which 
stand  the  old  buildings  of  the  fort  at  the  town  of  Fort  Atkinson. 
The  platform  on  which  the  village  of  Festina  is  built  is  held  up 
by  the  Fort  Atkinson  limestone,  and  a  very  marked  escarpment 
(Fig.  1)  facing  the  small  stream  valley  southwest  of  the  village 
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Fiar-  1- steep  slopes  due  to  the  Fort  Atkinson  limestone,  seen  alons:  a  small  valley 
southwest  of  Festina,  Washinfirton  township. 

is  due  to  the  same  formation.  Along  Ten  Mile  creek,  in  sections 
7  and  18  of  Madison  township,  there  are  some  very  unusual 
topographic  forms.  Here  is  found  a  unique  and  wholly  unrelated 
assemblage  of  hills,  prominent  salients  and  steep  slopes,  rising 
from  the  narrow  valley,  and  all  constructed  of  the  more  shaly 
beds  of  the  Maquoketa.  Some  of  the  hills  stand  well  above  the 
general  level  of  the  surrounding  country,  being  remnants  of 
strata  once  more  widely  distributed,  remnants  which,  for  some 
cause,  have  escaped  the  processes  of  denudation  which  brought 
the  surrounding  country  to  its  present  level.  At  present  no 
cxpl'nr.?ti(ri  of  the  p  (uliar  chiiracter  and  complete  isolation  of 
this  strange  bit  of  topography  can  be  offered. 

The  Niagara  limestone  controls  the  character  of  the  surface 
forms  in  the  southeastern  part  of  AVashington  township.  In 
sections  35  and  36  the  Niagara  rises  in  a  broad  plateau  2^)i)  feet 
above  the  platform  of  Fort  Atkinson  limestone  on  which  the 
village  of  Festina  stands.  Southwest  of  Festina,  about  on  the 
line  between  sections  23  and  26,  there  is  a  point  which  rises  even 
higher  than  the  plateau  to  the  south.  This  is  part  of  an  exten- 
sive mass  or  ridge  of  Niagara  which,  on  its  western  side,  runs 


PHYSIOGRAPHY.  53 

out  into  a  series  of  bold  and  prominent  salients  facing  the  valley 
of  the  Turkey  river  in  sections  26  and  27.  A  large  isolated  cone 
of  Niagara  in  the  western  edge  of  section  35  is  but  another 
example  of  the  characteristic  topography  controlled  by  the 
Niagara  in  this  part  of  Washington  township.  There  is  another 
very  prominent  conical  hill  of  this  formation  west  of  Festina, 
about  on  the  line  between  sections  22  and  23  (Fig.  13).  This 
cone  stands  apart  from  the  other  uplands  of  the  Niagara,  over- 
looking the  lower  plain  which  stretches  away  to  the  north,  and 
is  the  most  northerly  outlier  of  this  formation  observed  in  Iowa. 
A  long,  elliptical  hill  in  sections  28  and  33,  with  an  elevation  of 
200  feet  above  the  river  valley,  is  the  only  marked  bit  of  topo- 
graphy dependent  on  the  Niagara,  observed  on  the  west  side  of 
the  Turkey  river. 

There  are  some  quite  pronounced  topographic  features  in  the 
western  part  of  the  county,  due  to  the  Devonian  limestone.  In 
this  region  the  Devonian  overlaps  on  the  Maquoketa.  Beginning 
in  the  southwest  corner  of  Fremont  township  and  traversing  the 
western  edge  of  Orleans,  are  well  defined,  sinuous  escarpments 
of  Devonian,  rising  with  convex,  rounded  slopes  to  a  hight,  in 
places,  of  fifty  feet  above  the  plain  occupied  by  the  more  shaly 
underlying  formation.  In  sections  1  and  12  of  Jackson  town- 
ship there  are  some  features  characteristic  of  many  of  the  hills 
around  Fort  Atkinson.  Two  nearly  parallel  and  horizontal 
belts  of  rock  (Fig.  16),  due  to  the  outcropping  of  harder  ledges, 
appear  on  the  slopes  about  twenty  feet  apart  vertically.  The 
upper  one  is  the  outcrop  of  dolomitized  Devonian,  the  lower  is 
produced  by  the  uppermost  ledges  of  the  Fort  Atkinson  lime- 
stone belonging  to  the  middle  of  the  Maquoketa. 

The  effects  of  the  Pleistocene  deposits  on  the  topography  are 
much  less  in  Winneshiek  county  than  in  parts  of  Iowa  covered 
with  a  heavier  mantle  of  drift.  A  comparatively  small  area  in 
the  western  part  of  the  county  is  occupied  by  drift  of  the  lowan 
stage.  The  remainder,  and  much  the  larger  part  of  the  county, 
so  far  as  surface  configuration  is  determined  by  Pleistocene 
depo*sits  at  all,  shows  the  characteristic  features  of  what  has 
been  called  the  Loess-Kansan  topography.  This  type  of  surface 
is  thoroughly  drained  and  is  carved  by  storm  waters  into  an 
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intricate  system  of  branching  ravines  with  well  rounded  inter- 
vening ridges.  On  the  uplands,  outside  the  influence  of  the 
drainage  courses,  topography  of  the  Loess-EIansan  type  is  well 
illustrated  throughout  the  greater  part  of  the  southeast  quarter 
of  Winneshiek  county.  The  type  is  especially  well  marked  on 
both  sides  of  the  railway  between  Castalia  and  Ossian.  Another 
area  of  the  same  character  embraces  practically  all  of  the  town- 
ships of  Hesper  and  Burr  Oak  with  adjacent  parts  of  Highland 
and  Fremont. 

The  line  between  the  Loess-Kansan  and  lowan  areas  is  very 
irregular  and  does  not  admit  of  ready  description.  The  very 
erratic  and  curiously  lobulate  character  of  the  margin  of  the 
lowan  ice  sheet  is  well  exemplified  in  this  county.  Beginning  on 
the  west  side  of  the  Turkey  river  at  the  point  where  this  stream 
passes  into  Fayette  county,  the  lowan  border  line  follows  the 
river  northward  almost  to  Fort  Atkinson.  It  passes  a  short  dis- 
tance west  of  the  town  named  and  then  bears  northward  to 
Spillville.  East  of  Spillville  there  is  a  short,  broad  lobe  of  lowan 
which  pushes  southeast  almost  to  Calmar,  from  which  point  the 
lowan  boundary  passes  around  west  of  Conover,  and  thence 
northeastwardly  to  the  southeast  corner  of  section  35,  Madison 
township.  From  the  point  last  named  the  line  extends  northwest 
for  a  distance  of  twelve  or  thirteen  miles  when,  near  the  middle 
of  section  32,  Orleans  township,  it  makes  a  sharp  curve  and 
returns  southeastwardly,  parallel  to  its  former  course,  to  near 
the  southeast  corner  of  section  12,  Lincoln  township.  Here, 
curving  sharply  to  the  northwest  for  a  short  distance  and  then 
looping  back  so  as  to  form  two  small  lobules  of  lowan,  it  finally 
reaches  a  point  near  the  northwest  corner  of  section  35,  Orleans 
township.  With  another  very  sharp  curve  the  line  turns  to  the 
southeast,  which  course  it  follows  with  but  little  deflection  for  a 
distance  of  about  seven  miles,  to  near  the  center  of  section  3, 
Madison ;  and  then  changing  abruptly  to  the  northwest  it  follows 
a  rather  simple,  sinuous  course  of  thirteen  or  fourteen  miles  to 
the  west  county  line,  in  section  30  of  Fremont.  West  of  this  line, 
the  peculiarities  of  which  will  be  best  appreciated  by  reference 
to  the  map  of  Pleistocene  deposits,  the  surface,  so  far  as  it  is 
controlled  by  the  drift,  is  characterized  by  the  gentle  undulations 
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of  the  uaeroded,  young  lowan  till.  The  surface  remains  to-day 
essentially  as  it  was  l^^f  t  when  the  ice  of  the  lowan  stage  disap- 
peared from  the  region.  There  has  been  no  general  erosion  of 
the  surface  since;  noioess  has  been  deposited;  there  are  many 
large,  granite  bowlders  strewn  over  the  area;  where  the  lowan 
ice  deposited  sufficient  drift,  the  pre-Iowan  topography  is  com- 
pletely obscured;  where  the  load  carried  and  deposited  by  the 
ice  was  small,  the  effects  of  pre-Iowan,  and,  in  some  cases,  of 
preglacial,  erosion  are  still  manifest.  The  escarpments  of 
Devonian  limestone  in  Orleans  township,  for  example,  are  fea- 
tures of  the  surface  due  to  rock  sculpturing  before  the  coming 
of  the  earliest  ice,  features  which  were  not  masked  or  destroyed 
by  either  of  the  drift  sheets  or  by  both  combined.  Another  cade 
of  the  same  kind  is  seen  north  of  the  center  of  section  21  in  this 
same  township,  where  some  steep  hills  are  controlled  by  the 
clierty  dolomite  of  the  Fort  Atkinson  beds. 

As  usual,  within  the  lowan  area  and  near  its  margin,  there 
are  many  of  the  peculiar  topographic  forms  called  paha  by 
McGee.  These  are  loess-covered  knobs  or  hills  rising  out  of  the 
lowan  plain  and  usually  containing  no  lowan  drift.  As  examples 
there  may  be  noted  a  chain  of  paha,  blending  in  places  into  a 
practically  continuous  ridge,  stretching  across  the  north  side 
of  section  33,  and  another  parallel  chain  a  short  distance  north, 
in  the  adjacent  section  28,  Orleans  township.  The  most  sym- 
metrical of  these  forms  is  a  small,  beautifully  rounded  paha 
which  stands  alone  in  the  southeast  corner  of  section  36,  Sumner 
township. 

There  are  some  topographic  features  due  to  comparatively 
recent  shifting  of  the  mantle  rocks  which  deserve  attention. 
Throughout  that  part  of  the  county  lying  east  of  the  lowan 
margin,  there  are  evidences  of  a  time  of  active  aggradation  of 
the  small  valleys,  during  which  all  were  filled  to  a  greater  or 
less  extent  with  clays  and  more  or  less  angular  rock  fragments, 
some  to  depths  of  fifteen  or  twenty  feet.  The  effect  was  to  ren- 
der the  bottom  of  the  valleys  broadly  concave,  a  feature  that  still 
persists  in  many  instances.  Quite  recently,  however,  the  drain- 
age waters  have  been  cutting  deep  trenches  in  the  deposits 
referred  to,  and  practically  all  the  smaller  valleys  and  upland 
sags  in  the  surface  show  the  effects  illustrated  in  figure  2. 
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Fisr.  2— Be- erosion  of  an  asreraded  valley  in  the  northeast  quarter  of  section  21,  Glen- 
wood  township. 

When  the  county  is  looked  at  as  a  whole,  there  are  a  few 
topographic  features  of  commanding  importance.  One  of  these 
is  the  Cresco-Calmar  ridge  to  which  reference  is  made  in  the 
Introduction.  It  is  followed  by  the  line  of  the  Chicago,  Mil- 
waukee and  Saint  Paul  railway  as  it  crosses  the  county  on  the 
way  from  Postville  to  Cresco.  The  highest  point  of  the  ridge 
in  Winneshiek,  1269  feet  above  tide,  is  reached  at  Ossian.  The 
crest  of  the  ridge  forms  a  watershed,  northeast  of  which  lies  the 
drainage  basin  of  the  Upper  Iowa  or  ( )neota  river,  another  sur- 
face feature  on  a  large  scale,  which  may  be  taken  as  a  single 
geographic  unit.  On  the  same  side  of  the  ridge,  in  the  southeast 
corner  of  the  county,  is  a  small  area  which  forms  part  of  the 
Yellow  river  basin.  Southwest  of  the  ridge  lies  the  broad  basin 
of  the  Turkey  river. 

Followirg  is  a  list  of  elevations  above  sea  level,  taken  iiloig  the 
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ridge  from  Postville  in  Allamakee  county  to  Cresco,  Bonair  and 
Lime  Springs  in  Howard :— Postville  1195,  Castalia  1245,  Ossian 
1269,  Calmar  1257,  Ridgeway  1209,  Cresco  1300,  Bonair  1309, 
Lime  Springs  1246.  Decorah,  in  the  valley  of  the  Upper  Iowa, 
has  an  elevation  of  875  feet,  the  Upper  Iowa  at  the  east  county 
line,  760  feet.  The  highest  point  noted  in  the  county  occurs  a 
short  distance  west  of  Hesper,  with  an  elevation  of  1360  feet. 
The  maximum  relief  in  Winneshiek  county  is  about  600  feet. 

DRAINAGE. 

The  drainage  of  the  county  is  divided  into  two  systems  by  the 
Cresco-Calmar  ridge.  A  little  more  than  two-thirds  of  the  sur- 
face lies  noriiheast  of  the  ridge  and  is  drained  almost  wholly  by 
the  Upper  Iowa  or  Oneota  river.  From  the  northwest  corner  of 
the  county  the  general  course  of  the  master  stream  is  parallel 
to  the  ridge  and  at  an  average  distance  of  about  eight  miles  from 
the  crest.  From  Decorah  to  the  Allamakee  county  line  the  direc- 
tion is  nearly  at  right  angles  to  that  previously  followed.  The 
ridge  on  which  Hesper  is  located  constitutes  the  northeastern 
rim  of  the  basin  drained  by  the  Upper  Iowa.  The  two  ridges  are 
about  equally  distant  from  the  axial  stream;  their  sides  are 
drained  by  a  number  of  small  creeks,  none  of  which,  under 
ordinary  conditions  of  precipitation,  attain  any  considerable 
importance.  Canoe  creek,  which  drains  the  larger  part  of  Canoe 
and  Pleasant  townships,  is  the  largest  stream  in  the  county 
tributary  to  the  Upper  Iowa.  Nearly  the  whole  of  Highland  town- 
ship is  drained  by  the  initial  branches  of  Bear  creek,  which 
becomes  a  stream  of  some  importance  before  its  confluence  with 
the  Upper  Iowa  in  Allamakee  county.    Of  the  remaining  streams  \ 

on  the  north  side  of  the  basin  Pine  creek  and  Silver  creek,  which 
gather  the  storm  waters  from  Burr  Oak  township,  are  most 
deserving  of  mention.  South  of  the  main  river  there  are  Ten 
Mile  creek  in  Madison  township,  Trout  creek  draining  Spring- 
field township  and  the  southern  part  of  Decorah,  and  another 
Trout  creek  which  drains  most  of  Glenwood  township  and  the 
northern  part  of  Frankville.  Altogether  the  tributary  streams 
on  both  slopes  of  the  Upper  Iowa  basin  are  small.  Most  of  them 
are  intermittent,  all  have  steep  gradients  in  some  parts  of  their 
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courses  and  hence  are  found  carrying  destructive  torrents  on  the 
occasion  of  heavy  rainfall.  During  periods  of  drought  the  steep, 
stony  beds  are  dry.  Throughout  all  of  this  region  the  drain- 
age is  mostly  underground.  In  times  of  normal  precipitation 
the  water  quickly  disappears  from  the  surface,  descending 
through  countless  sink  holes,  and  in  other  ways,  to  passages  in 
the  much  shattered  and  jointed  underlying  limestones.  So  much 
of  this  water  as  finds  its  way  to  the  river  emerges  again  in  the 
many  springs  for  which  the  valley  is  noted.  The  numberless 
terminal  twigs  of  the  upper  branches  of  the  Yellow  river  are 
spread  out,  fan-like,  over  the  greater  part  of  Bloomfield,  and 
the  southern  sections  of  Frankville  township,  and  carry  off  the 
surface  waters  from  this  small  basin  in  the  southeastern  part  of 
the  county. 

A  narrow  strip,  embracing  a  few  sections  of  land  along  the 
northern  edge  of  Highland  and  Hesper  townships,  lies  beyond 
the  north  rim  of  the  Upper  Iowa  basin  and  drains  into  the  Root 
river  system  in  Minnesota.  Southwest  of  the  Cresco-Calmar 
ridge  the  surface  is  drained  by  the  Turkey  river,  which  flows 
almost  parallel  to  the  upper  course  of  the  Upper  Iowa  and,  like 
the  Upper  Iowa,  has  few  tributaries  of  any  importance  in  Win- 
neshiek county.  Practically  all  of  Jackson  township  and  the 
western  part  of  Sumner  present  the  characteristic  topography 
of  the  typical  lowan  drift  plain.  There  has  been  no  erosion,  and 
drainage  is  effected  by  the  flow  of  surface  waters  along  very 
broad,  shallow  sags,  products  of  glacial  moulding  and  not  of 
erosion,  which  here  take  the  place  of  definite  stream  courses. 

STRATIGRAPHY. 
Qeographic  Relations  of  the  Strata. 

Winneshiek  county,  as  already  noted,  has  a  greater  mm^ber 
of  geological  formations  than  any  other  county  in  the  state ;  and 
owing  to  the  fact  that  the  drift  mantle  is  thin  or  wholly  absent 
along,  or  near  to,  the  main  drainage  courses  north  and  east  of 
the  Cresco-Calmar  ridge,  the  rock  exposures  in  this  part  of  our 
area  are  numerous  and  in  the  main  satisfactory.    The  greater 
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number  of  the  formations  have  their  outcrops  in  the  north- 
eastern'part  of  the  county.  All  the  exposures  from  which  our 
knowledge  concerning  six  of  the  geological  units  recognized 
among  the  indurated  rocks  of  this  area  is  derived,  are  grouped 
in  Highland,  Hesper,  Canoe,  Pleasant,  Glenwood,  and  Decorah 
townships.  Two  more  formations,  the  Galena  and  the  Maquo- 
keta,  have  outcrops  within  these  same  townships,  and  so  the 
remaining  fourteen  townships  add  but  two  additional  units  to 
the  list,  the  Niagara  and  the  Middle  Devonian  limestones. 

Residual  cherts  and  the  dark,  tough  residual  clays,  called  geest 
by  McGee,  are  best  developed  in  the  eastern  townships  where 
the  drift  is  thin  or  never  was  deposited.  In  the  western  part  of 
the  county  the  residual  materials,  which  constituted  the  pre- 
glacial  soils,  were  either  scoured  away  by  the  earlier  ice  sheet, 
or  were  covered  and  concealed  by  the  load  of  detritus  which  it 
carried  and  deposited.  Kansan  drift  and  loess,  as  surface 
deposits,  are  seen  only  east  of  the  very  irregular  line  which 
marks  the  border  of  the  lowan ;  the  lowan  drift  is  thin,  scarcely 
ever  seen  in  vertical  sections,  and  is  limited,  geographically,  to 
the  western  portion  of  the  county.  Along  the  valley  of  the  Upper 
Iowa  or  Oneota  river  below  Decorah  there  are  extensive  valley 
trains  and  terrace  deposits,  some  belonging  to  the  time  of  melt- 
ing of  the  Kansan  ice,  some  of  much  later  age  to  be  correlated 
with  the  lowan. 


60 


STRATIGRAPHY. 


SYNOPTICAL  TABLE. 


QBOUP 

SYSTEM 

SERIES 

STAGE 

FORMATION 

Pleistocene 

Recent 

Alluvium. 

Glacial 

lowan 

lowan  loess. 

lowan  sand  terraces. 

Cenozoic  . 

lowan  drift. 

Kansan 

Post-Kansan  loess. 

Buchanan  fi^ravels. 

Kansan  gravel  terraces. 

Kansan  drift. 

Residual  materials,  Geest. 


Devonian 

Middle 
Devonian 

Cedar  Valley 

Lithographic  limestone. etc 

Wapsipinicon 

Up. Davenport  limestone. 

Silurian 

Niagara 

Hopkinton 

Hopkinton  limeitone. 

Ordovician 

Trenton 

Maquoketa 

Bratnard  shale. 

Pt.  Atkinson  limestone. 

Clermont  shale. 

Elcin  shaly  limestone. 

Galena 

Galena  limestone. 

Paleozoic 

Platteville 

Decorah  (Green)  shale. 

Platteville  limestone. 

Canadian 

Saint  Peter 

Glenwood  shale 

Saint  Peter  sandstone. 

Lower 
Magnesian 

limestone  of 

Owen 

Shakopee  limestone. 

New  Richmond  sandstone. 

Oneota  limestone. 

Cambrian 

Potsdam 

Saint  Croix 

Jordan  sandstone. 

New  Naynes  Used  in  the  Synoptical  Table. — In  the  foregoing 
table  some  new  names  are  used.  The  reasons  for  their  introduc- 
tion will  appear  in  connection  with  the  discussion  of  the  indi- 
vidual formations  to  which  they  apply.  The  term  Post-Kansan 
Loess  is  used  for  an  old,  altered  loess  deposit  which  lies  on  the 
Kansan  drift,  but  is  much  older  than  the  better  known  and 
more  widely  distributed  lowan  loess.  This  old  loess  has  been 
noted  by  Shimek  in  some  recent  papers,  but  this  is  the  first  time 
it  has  been  recognized  in  these  reports.  The  Hopkinton  stage 
of  the  table  is  the  same  as  the  Delaware  stage  of  earlier  reports. 
Delaware,  as  a  name  for  a  geological  formation,  was  preoccu- 
pied, having  been  used  by  Professor  Orton  for  a  member  of  the 
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Devonian  system  of  Ohio,  in  1878,  and  the  term,  Hopkinton,  is 
here  substituted  for  it  as  a  designation  for  the  phase  of  the  Sil- 
urian represented  in  Delaware  county,  Iowa.  The  formation  is 
well  illustrated  in  the  bluffs  and  quarries  near  Hopkinton.  The 
unique  development  of  the  Maquoketa  in  Fayette  and  Winne- 
shiek counties,  as  will  appear  from  the  general  description  of 
this  formation  in  pages  following,  requires  the  use  of  four  terms 
to  denote  the  several  units  into  which  it  is  naturally  divided  in 
this  part  of  Iowa.  The  persistent  body  of  shale  between  the  two 
parts  of  what  has  generally  been  called  the  Trenton  limestone, 
is  named  Decorah  shale  from  the  city  in  which  it  is  typically 
developed.  Heretofore  it  has  been  recognized  as  a  distinct 
geological  unit  under  the  name  *^ Green  Shales'',  first  applied  to 
it  by  the  geologists  of  Minnesota.  The  term;  Platteville,  has 
recently  been  proposed  by  Bain  to  denote  the  lower  part  of  the 
assemblage  of  strata  for  which  the  term,  Trenton  limestone,  has 
been  so  generally  used  by  Wisconsin,  Minnesota,  and  Iowa 
geologists.  The  body  of  shale  between  the  Saint  Peter  and 
Platteville,  described  as  the  ** Basal  Shale''  in  earlier  reports 
and  supposed  to  represent  the  initial  phase  of  the  Trenton 
series,  is  developed  to  a  thickness  of  fifteen  feet  in  Glenwood 
township,  and  there  shows  streaks  and  bands  of  sand  which 
indicate  relationship  with  the  Saint  Peter  sandstone.  The  three 
units  which  in  the  earlier  reports  on  the  geology  of  Wisconsin 
and  Iowa  have  been  grouped  under  the  single  term  of  Lower 
Magnesian  limestone,  or  Oneota  limestone,  are  here  recognized 
as  sufficiently  distinct  to  deserve  separate  names,  and,  following 
McGee  and  Bain,  the  term  Oneota  is  limited  to  the  lower 
division,  and  New  Richmond  and  Shakopee  are  used  for  the  other 
two  units  with  the  limitations  given  to  them  in  the  later  reports 
on  the  geology  of  Minnesota.  Owen's  original  name,  the  Lower 
Magnesian  Limestone,  which  has  so  long  been  used  and  is  so 
universally  known  among  geologists,  is  tentatively  retained  for 
the  stage  represented  by  these  three  distinct  units.  This  will 
occasion  no  confusion,  and  may  be  allowed  to  stand  until  some 
acceptable  geographic  term  has  been  proposed  as  a  substitute. 
All  the  other  names  in  the  table  have  been  used  in  earlier  reports. 
Four  systems  of  indurated  rocks,  the  Cambrian,  Ordovician, 
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Silurian  and  Devonian,  are  represented  in  Winneshiek  county. 
Three  of  these,  however,  the  Cambrian,  Silurian  and  Devonian, 
are  not  here  developed  with  any  degree  of  completeness;  the 
beds  belonging  to  each  are,  in  the  aggregate,  very  thin,  and  the 
areas  which  they  respectively  occupy  are  relatively  small.  The 
main  body  of  rocks  in  the  area  under  consideration  belongs  to  the 
Ordovician.  The  total  thickness  of  the  Ordovician  sediments  is 
more  than  800  feet;  the  aggregate  thickness  of  the  other  three 
systems,  so  far  as  they  are  developed  within  the  limits  of  the 
county,  does  not  exceed  300  feet. 

CAMBRIAN  SYSTEM. 
Potsdam  Series. 

JORDAN  SANDSTONE. 

The  Jordan  sandstone,  the  upper  member  of  the  Saint  Croix 
stage  of  the  Upper  Cambrian,  is  confined  to  two  small  areas  in 
the  eastern  edge  of  the  county.  One  of  these  is  in  the  valley  of 
Bear  creek,  in  the  eastern  part  of  section  25,  Highland  town- 
ship. For  about  one-fourth  of  a  mile  west  of  the  county  line 
the  upper  twenty  or  thirty  feet  of  the  Jordan  is  exposed  at  the 
base  of  the  bluffs  which  rise  from  the  edge  of  the  water  on  the 
south  side  of  the  creek.  On  the  north  side  of  the  valley  the 
bluffs  are  some  distance  from  the  stream,  the  slopes  are  com- 
paratively gentle,  and  the  beds  are  largely  concealed  with  rock 
waste  and  sod ;  but  at  one  point,  in  the  southeast  quarter  of  the 
northeast  quarter  of  the  section  named,  the  wagon  road  has  cut 
into,  and  exposed  the  sandstone.  In  the  lower  part  of  tKe  expos- 
ures the  formation  is  composed  of  coarse,  friable,  quartz  sand, 
without  very  definite  bedding,  imperfectly  cemented,  and  dull  and 
dingy  in  color.  Higher  up  there  are  beds  of  sandstone  alter- 
nating with  limestone  or  dolomite,  and  there  arc  other  beds  con- 
sisting of  clean  quartz  sand,  with  grains  well  rounded  and  water 
worn,  embedded  in  a  calcareous  matrix.  These  last  beds  con- 
stitute the  ^'calcareo-siliceous  oolite''  referred  to  by  Owen  in 
his  **  Report  of  a  Geological  Survey  of  Wisconsin,  Iowa,  and 
Minnesota",  pages  49  and  52.  They  are  limited  to  a  zone  of  about 
twenty  feet  immediately  below  the  overlying  Oneota  magnesian 
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limestone,  and  represent  the  somewhat  gradual  transition  from 
conditions  favoring  the  accumulation  of  sandstone  to  the  deeper, 
clearer,  more  quiet  seas  in  which  the  formation  of  limestone 
became  possible.  At  Quandahl,  about  a  fourth  of  a  mile  east  of 
the  county  line,  the  purely  sandstone  phase  of  the  Jordan  is 
exposed  for  a  thickness  of  thirty  feet.  Owing  to  the  fact  that 
the  valley  of  the  stream  descends  rapidly  to  the  east  while  the 
beds  have  a  slight  dip  to  the  west,  only  a  few  feet  of  the  sand- 
stone below  the  transition  beds  are  seen  at  this  locality  in  Win- 
neshiek county.  In  reality  the  strata  in  this  part  of  the  county 
have  a  northerly,  as  well  as  westerly  dip.  There  are  many 
springs  along  the  south  side  of  the  valley  of  Bear  creek  in  this 
immediate  vicinity,  but  none  on  the  north. 

The  second  exposure  of  the  Jordan  sandstone  occurs  in  sec- 
tions 24  and  25  of  Pleasant  township.  The  upper  fifty  feet  of 
the  sandstone,  including  the  transition  beds,  are  exposed  in  the 
bluflFs  of  the  river,  near  the  county  line,  in  the  northeast  quarter 
of  the  northeast  quarter  of  section  25  of  the  township  named. 
The  river  bluffs  here  are  simply  an  extension  of  the  bluffs  on 
the  north  side  of  the  valley  of  Canoe  creek,  for  at  the  point 
where  the  river  receives  the  tributary,  it  turns  so  as  to  flow  for 
a  short  distance  parallel  to  the  course  of  the  smaller  stream.  The 
beds  here  dip  strongly  to  the  west,  and  in  consequence  the  sand- 
stone disappears  in  the  bluffs  of  Canoe  creek  a  short  distance 
above  its  mouth.  Exposures  of  the  Jordan  extend  up  the  valley 
of  the  small  stream  that  traverses  section  24,  almost  to  the  cen- 
ter of  the  section,  where,  owing  to  the  increasing  hight  of  the 
valley  and  the  westward  dip  of  the  formation,  the  sandstone 
passes  out  of  sight  beneath  the  basal  ledges  of  the  Oneota.  The 
characteristics  here  are  the  same  as  in  the  valley  of  Bear  creek. 
The  Jordan  sandstone  has  no  economic  significance;  it  has  fur- 
nished no  fossils  in  this  county;  it  adds  no  special  feature  to  the 
topography. 
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ORDOVICIAN  SYSTEM. 
Canadian  Series. 

ONBOTA  LIMESTONE. 

The  Jordan  sandstone,  described  above,  is  the  upper  part  of 
the  Potsdam  of  the  earlier  writers  on  the  geolop:y  of  Iowa  and 
Wisconsin,  the  upper  part  of  Owen's  ** Lower  Sandstone'*,  the 
upper  part  of  the  ''Saint  Croix  Sandstone'*  of  the  more  recent 
reports  on  the  geology  of  Minnesota  and  Iowa.  Between  the  top 
of  the  Jordan  and  the  base  of  the  Saint  Peter  sandstone  there 
lies  an  assemblage  of  beds,  mostly  dolomites,  all  of  which  were 
included  by  Owen  in  his  ''Lower  Magnesian  Limestone."  The 
term,  Lower  Magnesian  Limestone,  has  been  used  in  the  same 
sense  in  which  it  was  used  by  Owen  in  later  works  by  Hall, 
White,  Chamberlin  and  many  others.  The  fact  that  the  forma- 
tion described  by  Owen  under  the  designation  noted  was,  in 
places,  divided  into  three  distinct  units  by  the  interpolation  of 
a  thin  deposit  of  sandstone  between  an  upper  and  a  lower  body 
of  magnesian  limestone,  seems  to  have  been  overlooked  by  the 
earlier  geologists.  This  arenaceous  member,  however,  varies 
greatly  in  thickness,  and  in  some  cases  it  appears  to  be  entirely 
absent ;  but  when  it  is  present  it  is  the  practice,  in  recent  litera- 
ture, to  follow  the  AVisconsin  and  Minnesota  geologists  and  call 
it  "The  New  Richmond  Sandstone. *'  The  body  of  dolomite 
between  the  New  Richmond  and  the  Saint  Peter  formations  has 
been  named  "The  Shakopee  Limestone"  in  the  geological 
reports  of  Minnesota,  while  McGee  has  proposed  the  name 
"Oneota  Limestone"  somewhat  indefinitely,  but  apparently  for 
the  heavy  deposits  of  dolomite  lying  between  the  Jordan  and 
New  Eiclimoiul  sandstones.  It  is  true  that  in  his  table  of  for- 
mations in  the  r(»gion  covered  by  his  memoir  on  The  Pleistocene 
History  of  Northeastern  Iowa,  on  page  334  of  the  Eleventh 
Annual  Report  of  the  JJiiited  States  Geological  Survey,  Part  I, 
McGee  uses  the  term,  Oneota,  as  the  equivalent  of  all  the  form- 
ations between  the  Potsdam  and  the  Saint  Pcttr,  but  McGee 's 
Saint  Peter  is  not  the  Saint  Peter  of  Owen  or  of  authors  gener- 
ally who  have  written  on  the  geology  of  this  part  of  the  Missis- 
sippi valley.    On  page  332,  and  elsewhere  in  the  work  cited,  he 
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extends  the  Saint  Peter  downwards  so  as  to  make  it  include  the 
Shakopee  and  New  Richmond  formations,  thus  leaving  only  the 
lower  member  of  the  old  '* Lower  Magnesian  Limestone'*  to 
which  the  term  Oneota  was  applied. 

The  Saint  Peter  sandstone,  as  defined  by  Owen,  is  a  natural 
and  consistent  geological  unit  sharply  set  off  from  the  beds  both 
above  and  below  it.  It  has  nothing  genetically  or  structurally  in 
common  with  the  Shakopee  limestone  on  which  it  rests,  nor  has- 
it  anything  more  than  the  fact  that  it  is  composed  of  quartz  sand 
to  ally  it  to  the  New  Richmond.  Accordingly,  in  the  recent 
reports  on  the  Geology  of  Iowa,  the  term  Saint  Peter  has  been 
restricted  to  the  definite  and  characteristically  individual  body 
of  sandstone  to  which  it  was  originally  applied  by  Owen.  At  the 
same  time,  owing  to  the  inconstancy  of  the  New  Richmond,  its 
frequent  entire  absence,  and  the  consequent  occasional  blending 
into  one  of  the  two  bodies  of  dolomite  between  which  it  normally 
lies,  McGee's  term  Oneota  was  extended  to  make  it  the  exact 
equivalent  of  Owen's  ** Lower  Magnesian  Limestone."  In  Win- 
neshiek county,  however,  as  well  as  in  many  other  portions  of 
the  area  over  which  it  is  distributed,  the  New  Richmond  sand- 
stone is  very  persistent,  and  in  some  places  it  attains  a  thick- 
ness entitling  it  to  recognition  as  a  distinct  stratigraphic  unit. 
For  which  reasons,  as  well  expressed  by  Bain  in  his  report  on 
the  Zinc  and  Lead  Deposits  of  Northwestern  Illinois,  Bulletin 
No.  246,  U.  S.  Geological  Survey,  page  18,  **It  seems  well  to  go 
back  to  McGee's  definition  so  far  as  restricting  Oneota  to  the 
lower  or  main  dolomite  is  concerned,  and  to  adopt  the  Minne- 
sota terms.  New  Richmond  and  Shapokee,  for  the  upper  beds.'^ 
Following  this  suggestion,  the  term  Oneota  is  here  used  to 
denote  the  great  body  of  dolomite  lying  between  the  Jordan  and 
the  New  Richmond  sandstones.  Thus  limited,  the  Oneota  lime- 
stone has  a  thickness  in  Winneshiek  county  of  150  feet.  For 
thirty  or  forty  feet  above  the  base  of  the  formation  the  dolo- 
mite is  evenly  and  regularly  bedded,  is  light  buff  in  color,  of 
fairly  uniform  texture,  is  easily  shaped  by  the  art  of  the  stone 
cutter  and  may  be  obtained  from  the  quarry  in  blocks  of  almost 
any  desired  dimensions  ranging  up  to  thirty  inches  in  thickness. 
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The  exposures  of  this  quarry  horizon  in  Winneshiek  county  are 
not  numerous.  .The  beds  are  seen  in  the  bluffs  facing  the  valley 
of  Bear  creek  from  Highlandville  to  the  county  line.  Near  the 
mouth  of  Canoe  creek^  in  section  25  of  Pleasant  township,  the 
bieds  are  seen  above  the  exposures  of  the  Jordan  sandstone,  and 
from  the  east  line  to  beyond  the.center  of  section  24  of  the  town- 
ship last  named,  there  are  outcrops  of  the  same  horizon.  The 
best,  exposures  of  the  Oneota  quarry  beds  in  Iowa  are  to  be 
found  along  Bear  creek  and  its  branches  in  Allamakee  county. 

At  Highlandville,  a  few  rods  above  the  north  bridge  over  Bear 
creek,  the  upper  layers  of  the  quarry  beds  are  seen  at  the  level 
of  the  stream.  North  of  the  village  the  higher  portion  of  the 
Oneota  limestone  is  exposed  in  a  series  of  bold,  vertical  cliffs,  a 
part  of  the  system  of  picturesque  scarps  and  towers  and  castles 
which  crown  the  sides  of  the  valleys,  with  practical  continuity, 
from  this  point  to  the  Mississippi  river.  The  exposed  portion 
of  the  limestone  begins  at  the  top  of  a  steep  talus  slope,  seventy- 
five  feet  above  the  level  of  the  stream.  The  rock  is  a  hard  buff- 
colored,  vesicular,  crystalline  dolomite,  lacking  uniformity,  how- 
ever, with  bedding  planes  largely  obscured  or  completely  oblit- 
erated, and  presenting  an  appearance  of  solidity  and  massive- 
ness.  It  tends  to  break  into  shapeless  pieces  owing  to  lack  of 
lamination  or  bedding  planes.  No  fossils  were  observed.  About 
ten  feet  above  the  base  of  the  cliff  there  is  a  band,  twelve  to 
fourteen  inches  in  thickness,  characterized  by  numerous  lens- 
shaped  vesicles  lined  with  drusy  quartz.  The  vesicles  are  so 
arranged  as  to  fall  in  definite  horizontal  planes  and,  at  the  same 
time,  in  vertical  columns.  Those  in  one  plane  are  separated 
from  the  next  above  or  below  by  laminae  from  one-eighth  to  one 
fourth  of  an  inch  in  thickness.  This  vesicular  zone  is  continuous 
for  a  distance  of  forty  or  fifty  feet,  when  it  runs  into  the  hillside 
and  disappears.  The  hight  of  the  cliff  is  about  thirty  feet.  Above 
the  vesicular  layer  the  rock  is  more  homogeneous  and  crystal- 
line, and  more  resistant  to  the  weather,  than  near  the  base  of  the 
exposure.  There  are  some  bands  and  scattered  nodules  of  chert 
irregularly  distributed  through  the  limestone.  The  more  crys- 
talline parts  of  the  deposit  would  make  a  good  grade  of  lime. 
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In  its  distribution  the  Oneota  is  limited  to  the  deeper  valleys 
in  Highland,  Pleasant,  and  Glenwood  townships.  Exposures  in 
IIis:hland  township  occur  along  the  north  branch  of  Bear  creek, 
beginning  near  the  southwest  comer  of  section  9;  and  along 
Bear  creek  itself  there  are  many  castles  and  cliflfs  of  this  for- 
mation, frnrn  the  center  of  section  29  (Fig.  3)  to  the  Allamakee 


Fisr.  j-u««iie8  of  Oneota  limebtome  near  the  center  of  section  29,  Hisrhland  township. 

county  line.  In  Pleasant  township,  in  section  26,  near  the  village 
of  Canoe,  there  are  characteristic  cliffs  of  Oneota,  among  the 
best  to  be  seen  in  the  county.  From  this  point  exposures  occur 
along  Canoe  creek  to  its  confluence  with  the  Upper  Iowa  river. 
The  valley  of  the  Upper  Iowa  is  bordered  by  mural  cliflFs  of  this 
lower  limestone  in  sections  25,  35  and  36  of  Pleasant  township, 
and  in  sections  2  and  3  of  Glenwood.  South  of  the  Upper  Iowa 
the  only  exposures  of  Oneota  noted  occur  along  the  small  valley 
in  sections  2,  3,  11,  12  and  13  of  Glenwood  township. 
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NEW  BIOUMOND  SANDSTONE. 

Like  the  Oneota  fonnation,  the  New  Richmond  sandstone  is 
limited  in  its  distribution  in  Winneshiek  comity  to  Highland, 
Pleasant  and  Glenwood  townships.  One  of  the  best  exposures 
of  this  sandstone  occurs  on  the  north  side  of  the  road,  a  few 
yards  west  of  the  wagon  bridge  crossing  a  small  stream  east  of 
the  center  of  the  northwest  quarter  of  the  northwest  quarter 
of  section  13  in  the  township  of  Glenwood.  West  of  the 
exposure  the  road  ascends  with  a  steep  grade  and  in  a  short  dis- 
tance rises  through  the  whole  thickness  of  the  Shakopee  and 
Saint  Peter  formations  and  up  into  the  Platteville  limestone. 
Down  the  creek  a  short  distance  are  picturesque  precipices  of 
the  cliflf-forming  Oneota.  At  this  point  the  New  Richmond  has 
a  thickness  of  twenty-five  feet.  Unlike  the  Saint  Peter  sand- 
stone^  it  is  regularly  and  evenly  bedded  in  comparatively  thin 
courses,  the  courses  ranging  from  two  inches  to  nearly  two  feet 
in  thickness.  The  surface  of  many  of  the  layers  is  beautifully 
ripple  marked.  The  whole  formation  is  quite  ferruginous, 
although  in  some  of  the  thicker  layers  the  iron  staining  is  con- 
fined to  an  inch  or  two  next  to  the  upper  and  lower  surfaces, 
while  the  middle  portion  of  the  beds  is  comparatively  clean  and 
white.  The  beds  near  the  bottom  are  thinner  and  softer  than  those 
near  the  top  of  the  exposure.  Owing  to  cementation  by  deposi- 
tion of  dissolved  silica  in  the  interstices  of  the  original  layers  of 
sand,  some  of  the  beds  are  quite  hard,  almost  quartzitic.  Frag- 
ments from  all  the  beds  sparkle  in  the  sunshine  in  a  character- 
istic way,  due  to  the  fact  that,  even  in  beds  which  are  yet  quite 
friable,  all  the  sand  grains  have  suffered  secondary  enlarge- 
ment. Each  grain  became  a  nucleus  around  which  silica  was 
diBposited  from  solution,  and  the  new  growth  assumed  the  crys- 
talline form,  with  regular  crystalline  facets.  The  myriads  of 
such  facets  catch  and  reflect  the  sunlight,  giving  rise  to  the 
peculiar  sparkling  which  distinguishes  the  New  Richmond  from 
all  the  other  sandstones  of  Iowa.  It  is  true  that  other  sand- 
stones exhibit  this  same  peculiarity,  but  on  a  very  small  scale 
and  in  an  exceedingly  feeble  way  as  compared  with  the  New 
Richmond.  The  upper,  thicker,  harder  beds,  at  the  locality 
under  consideration,  show  the  effects  of  the  secondary  growth 
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of  sand  grains  more  perfectly  than  the  softer,  thinner  beds 
below.  In  the  valley  of  Village  creek  and  along  the  other 
streams  in  the  central  and  eastern  part  of  Allamakee  county, 
the  New  Richmond  shows  the  characteristics  caused  by  second- 
ary enlargement  even  better  than  they  are  shown  in  Winneshiek. 
There  are  good  exposures  of  the  New  Richmond  in  the  dry 
bed  of  an  intermittent  stream,  a  few  rods  southwest  of  the 
locality  in  section  13,  Glenwood  township,  described  above.  Here 
the  water  has  cut  around  masses  of  the  sandstone,  which  show 
yp^-t;  oi  faces  six  or  eight  feet  in  hight  (Fig.  4).    In  the  bed  of 


Figr.  4  -ii^xposure^of  New  Richmond  sandstone  in  the   northwest  quarter  of  the  north- 
wcBt  vAuaiter  oa  section  13,  Qienwood  township. 

a  small  stream,  east  of  the  road,  south  of  the  center  of  section 
33,  Pleasant  township,  there  is  another  typical  exposure  of  ihe 
New  Richmond  sandstone.  For  some  distance  the  sandstone 
forms  the  bottom  of  the  channel,  but  near  the  line  passing  east 
and  west  through  the  center  of  the  section  it  is  cut  through,  and 
the  water  flows  over  the  upper  surface  of  the  Oneota  dolomite. 
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There  is  a  thin  shaly  parting  between  the  Oneota  and  the  New 
Richmond.  In  the  bottom  and  sides  of  the  little  stream  channel 
the  whole  section  of  the  sandstone  is  here  well  disclosed.  As 
usual,  it  is  very  ferruginous,  it  is  evenly  bedded,  ripple  marked 
surfaces  are  common,  and  the  effects  of  secondary  enlargement 
of  the  sand  grains  are  quite  well  displayed.  About  the  middle  of 
the  section  there  is  a  calcareous  or  dolomitic  band,  four  feet  in 
thickness,  which  weathers  very  rapidly.  It  is  composed,  in  large 
part,  of  layers  in  which  there  is  a  relatively  small  amount  of 
clean,  clear,  quartz  sand  embedded  in  a  calcareous  matrix.  The 
resemblance  to  some  portions  of  the  transition  beds  between  the 
Jordan  sandstone  and  the  Oneota,  is  quite  exact.  Commingling 
and  interbedding  of  arenaceous  and  calcareous  layers  occur 
toward  the  top  of  the  sandstone,  making  a  gradual  transition 
from  the  New  Richmond  to  the  overlying  Shakopee.  There  are 
good  sections  of  the  New  Richmond  on  the  north  side  of  the 
small  stream  valley  passing  through  the  southwest  quarter  of 
section  10,  Pleasant  township. 

There  are  numerous  other  exposures  of  the  New  Richmond 
sandstone  in  the  county,  most  of  which  have  been  brought  to 
light  by  the  wash  and  wear  along  the  public  roads.  Not  very 
many  of  them,  however,  show  the  characteristics  and  thickness 
of  the  formation  very  satisfactorily.  One  near  the  village  of 
Canoe,  not  far  east  of  the  center  of  the  southeast  quarter  of 
the  southeast  quarter  of  section  27,  Pleasant  township, 
exhibits  the  pecularities  due  to  secondary  enlargement  of  the 
constituent  grains  rather  better  than  most  of  the  other  outcrops. 
Probably  the  most  westerly  exposure  of  this  sandstone  is  that  in 
the  southwest  quarter  of  the  northwest  quarter  of  sec- 
tion 30,  Pleasant  township.  In  Highland  township  there  are 
exposures  of  New  Richmond  as  far  west  as  the  center  of  section 
30,  but  these  are  fully  one-fourth  of  a  mile  east  of  that  noted 
in  the  next  township  south.  North  of  Highland ville  the  New 
Richmond  crops  out  at  numerous  points  as  the  road  ascends  and 
descends  the  hills  and  the  line  of  relief  intersects  the  plane  in 
which  the  sandstone  lies.  Of  these  the  one  near  the  northeast 
comer  of  the  southeast  quarter  cf  tlie  northeast  quarter 
of  section  21,  shows  the  beds  most  p-^rfcctly.     The  exposures 
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near  the  center  of  section  30,  Highland  township,  show  a  fairly 
good  section  of  New  Bichmond,  twenty  feet  in  thickness.  Here 
are  all  the  usual  characteristics  of  thin  even  beds  with  ripple 
marked  surfaces  and  the  others  noted  above.  Toward  the  top  the 
sandstone  is  interbedded  with  cherty  limestone. 

SHAKOPEE  LIMESTONE. 

The  Shakopee  limestone  has  essentially  the  same  distribution 
as  the  Oneota  and  the  New  Riclunond.  Outside  of  the  townships 
of  Highland,  Pleasant  and  Glenwood  there  are  a  few  exposures 
in  the  valley  of  the  Upper  Iowa,  in  section  12  of  Decorah  town- 
ship. In  general  the  Shakopee  resembles  the  Oneota  in  color, 
texture  and  composition.  Everywhere  it  is  dolomitic  or  strongly 
magnesian.  In  some  cases,  however,  it  is  lighter  in  color,  softer, 
less  granular,  less  crystalline  than  the  Oneota.  It  has  no  beds 
capable  of  furnishing  a  very  desirable  grade  of  quarry  stone, 
and  few  that  can  be  recommended  for  the  manufacture  of  lime. 
On  the  whole  it  shows  less  tendency  to  form  scarps  and  cliflfs; 
it  is  more  frequently  rounded  off  into  slopes  covered  with  rock 
waste;  owing  to  lack  of  cliff-forming  qualities,  good  natural 
sections  are  very  rare.  In  thickness  it  varies  from  fifty  to  eighty 
feet.  The  base  of  the  Shakopee  is  not  very  sharply  defined  for 
the  reason  that,  through  a  thickness  of  several  feet,  there  are 
calcareous  beds  interstratified  with  beds  of  sandstone,  or  the 
limestone  layers  are  composed  of  quartz  sand  embedded  in  a 
calcareous  matrix.  On  the  other  hand,  at  the  top  of  the  Shak- 
opee, in  at  least  one  instance — namely,  a  short  distance  west  of 
the  center  of  section  21,  Glenwood  township — the  transition  to 
the  Saint  Peter  is  made  through  a  series  of  thin  alternating  cal- 
careous and  arenaceous  layers. 

In  the  bed  and  banks  of  a' dry  gully,  where  it  is  crossed  by  a 
bridge  in  the  northwest  quarter  of  the  northeast  quarter  of 
section  V ,  Glenwood  township,  there  are  exposures  which  show 
the  following  succession  of  strata: 
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9  Thin  bedded  dolomite,  rather  soft,  noa-crystalline. . .  2 

8  Oolomitic  bed  crowded  with  the  peculiar  problematic 

fossil  which,   in  the  report  on    Allamakee  couQty, 

was  referred  to  Hall's  genus  Cryptozoon 1  2 

7  Thin  bedded,  soft,  earthy  limestone 3 

6  Soft,  yellowish,  earthy  limestone  in  irregular  layers, 

containing  some  specimens  of  Cryptozoon 2 

5  Thin  band  of  shale 1 

4  Sandstone,  some  of  it  quite  hard,  almost  quartzitic  in 

places,  not  uniform 9 

3  Bluish  g^een  shale 6 

2  Gray,    porous,   calc ireous  rock   showing    numerous 

bmall  cavities  about  the  size  of  sand  grains 2 

1  Arenaceous  shale 1 

Numbers  1  to  5  of  the  above  section  constitute  part  of  the  beds 
of  transition  from  the  New  Richmond  to  the  overlying  dolomite. 
Beds  6  to  9  belong  to  the  Shakopee.  The  peculiar  structures 
referred  to  the  genus  Cryptozoon,  which  occur  in  Nos.  6  and  8, 
are  quite  characteristic  of  this  lower  part  of  the  Shakopee  in 
northeastern  Iowa  and  the  adjacent  parts  of  Wisconsin  and 
Minnesota.  Each  colony  is  made  up  of  superposed,  broadly  and 
gently  arching  laminae,  while  each  lamina  is  ornamented  on  its 
upper  surface  with  numerous  contiguous  monticules  which  vary 
in  different  colonies  from  half  an  inch  to  two  inches  in  diameter. 
Some  of  the  colonies  attain  a  large  size,  measuring  six  to  eight 
feet  in  length  and  width  and  more  than  a  foot  in  thickness.  The 
general  appearance  is  that  of  gigantic  stromatoporoids. 

Erosion  by  the  wet  weather  stream  which  carries  off  storm 
wat'^i's  from  the  little  valley  followed  by  the  road  in  the  west 
half  of  the  southeast  quarter  of  section  Ki,  Glenwood  town- 
shii),  has  revealed  the  Cryptozoon  bed,  No.  8  of  the  foregoing 
section,  and  in  the  hillside,  twenty  to  thirty  feet  higher  are  out- 
cropping, thick  ledges  of  hard  crystalline  dolomite  in  which  are 
many  pockets  of  calcite.  Farther  up  the  slope  there  are  unsatis- 
factory exposures  of  the  Saint  Peter  sandstone,  but  the  Shak- 
opee beds  above  and  below  the  hard  out('r()i)pincr  l(Mlgos  just 
mentioiuMl,  are  concealed  by  the  mantle  of  waste. 

The  Shakopee  limestone,  with  an  indicated  thickness  of  eighty 
feet  between  the  base  of  the  Saint  Peter  and  the  top  of  the  New 
Richmond,  is  exposed  in  small  isolated  patches  along  the  state 
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line  road,  on  practically  the  north  line  of  section  8,  Highland 
township.  The  same  thickness  is  indicated  between  outcrops  of 
the  two  sandstones  in  sections  24  and  25  of  the  same  township. 
In  the  northwest  quarter  of  the  northwest  quarter  of 
section  13,  Glenwood  township,  there  is  only  fifty  feet  of  vertical 
space  for  the  Shakopee  between  the  two  sandstones  cropping 
out  on  the  eastward  facing  hill  slope,  and  in  section  10  of 
Pleasant  township  the  Shakopee  appears  to  be  reduced  to  even 
less  than  fifty  feet  in  thickness.  The  formation  is  indeed  quite 
variable  in  all  of  its  characteristics. 

SAINT  PETEB  SANDSTONE. 

The  Saint  Peter  sandstone  is  one  of  the  most  consistent  and 
most  easily  recognized  of  all  the  geological  formations  in  Iowa. 
Normally  it  is  made  up  of  clean,  transparent,  well  rounded  and 
polished  grains  of  quartz.  Owing  to  the  almost  universal  pres- 
ence of  a  small  amount  of  iron  oxide  in  this  sandstone  in  Winne- 
shiek county,  the  color  here  is  red,  yellow  or  brown  instead  of 
the  pure  white,  which  prevails  in  the  absence  of  any  staining 
agent.  Cementation  is  imperfect.  Cohesion  is  so  feeble  that 
the  deposit  may  be  dug  into  with  pick  and  spade  quite  as  easily 
as  in  the  case  of  some  mantle  rocks.  Specimens  collected  for  the 
museum  aro  likely  to  crumble  into  loose  grains  of  sand  before 
reaching  their  destination.  There  is  no  definite  lamination  or 
bedding;  the  whole  deposit,  in  many  instances,  may  be  looked 
upon  as  a  single,  homogeneous,  massive  bed  of  sand  that  was 
laid  dowTi  without  break  or  interruption  between  the  beginning 
and  the  end  of  the  process.  Occasionally  there  are  obscure  indi- 
cations of  bedding  planes  at  intervals  of  ten  or  fifteen  feet, 
but  there  is  no  such  division  into  definite  layers  as  may  be  seen 
in  thi»  thin-bodded,  ripple-marked  New  Richmond.  Secondary 
enlargement  of  the  sand  grains  is  something  very  unusual. 

The  Saint  Peter  forms  rather  steep  slopes  at  all  of  its  expos- 
ures. For  a  few  inches  beneath  the  sloping  surface  exposed  to 
the  air  the  sand  is  dried,  and  a  small  amount  of  cementing 
material  has  been  precipitated,  with  the  result  that  the  outer 
shell  is  a  little  firmer  than  the  moister,  deeper  parts  which  have 
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been  saturated  with  water  ever  since  the  sand  was  deposited. 
Wherever  the  sandstone  is  exposed,  a  sort  of  pseudo-lam i  n  atioa 
is  developed  nearly  parallel  to  the  sloping  surface.  N<rt  infre- 
quently this  gives  an  appearance  of  croflB  bedding  as  a  feature 
of  the  original  structure,  favt  it  is  due  in  all  cases  to  a  process 
akin  to  «rf61iation.  The  dried,  outer  shells,  of  practically  uni- 
form thickness,  scale  off  from  the  moister  sand  beneath.  The 
upper  surface  of  the  Saint  Peter,  for  a  few  inches  or  a  few 
feet,  may  be  firmly  cemented  with  iron  oxide.  This  is  particu- 
larly true  in  areas  from  which  the  overlying  Platteville  and 
Galena  limestones  have  been  removed  by  solution.  These  lime- 
stones normally  contain  quite  an  amount  of  pyrite  which,  during 
the  process  of  weathering  and  liberation  by  solution,  is  oxidized, 
and  the  oxide  is  carried  downward  and  deposited  in  the  upper 
portion  of  the  insoluble  sand.  At  the  lower  limit  of  the  forma- 
tion there  is,  in  at  least  the  one  case  noted  in  the  discussion  of 
the  Shakopee,  an  interbedding  of  sand  and  dolomite. 

At  all  exposures  of  the  Saint  Peter  there  is  a  bed  of  shale  of 
variable  thickness  and  texture  between  the  mass  of  sandstone 
and  the  overlying  Platteville  limestone.  Since  this  shale  is 
usually  quite  smooth  and  plastic,  without  traces  of  sand,  and  in 
all  respects  identical  with  beds  of  shale  found  at  various 
horizons  throughout  the  Trenton,  in  the  reports  on  Allamakee 
and  Dubuque  counties  it  has  been  regarded  as  the  lowest  mem- 
ber of  the  Trenton  series.  At  Specht  Ferry,  twelve  miles  above 
Dubuque,  this  shale  does  not  exceed  three  feet  in  thickness;  in 
Allamakee  it  rarely  has  a  thickness  of  more  than  five  or  six  feet. 
At  Minnehaha  falls  and  in  the  gorge  of  the  Mississippi  below 
Minneapolis  the  shale  bed  is  even  thinner  than  at  any  observed 
point  in  Iowa.  All  the  observations  so  far  published  indicate 
the  most  abrupt  transition  from  the  conditions  recorded  by  the 
typical  phase  of  the  Saint  Peter  sandstone  to  conditions  favor- 
ing the  accumulation  of  sediments  characteristic  of  the  next 
overlying  series.  In  the  southeast  quarter  of  the  southwest 
quarter  of  section  6,  Glenwood  township,  there  is  an  expos- 
ure which  shows  some  features  of  the  upper  part  of  the  Saint 
Peter  not  heretofore  recorded.  The  sandstone  phase  is  overlain 
by  a  bed  of  shale  fully  fifteen  feet  in  thickness,  and  the  lower 
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eight  or  ten  feet  of  this  is  highly  arenaceous.  Some  thin  bands 
at  intervals  of  t  foot  or  more  are  almost  pure  sand.  The  sand 
^ains  in  the  shale  are  of  the  same  clear,  worn  and  polished  type 
as  those  making  up  the  main  body  of  the  sandstone  deposit.  The 
upper  part  of  the  shale  bed  is  quite  free  from  sand  and  resem- 
bles the  ** basal  shale'*  referred  to  the  Trenton  series  in  Alla- 
makee and  Dubuque.  TKe  lower  arenaceous  part  should,  with- 
out any  doubt,  be  regarded  as  the  closing  phase  of  the  Saint 
Peter  stage.  Owing  to  the  unusual  thickness  which  it  here 
attains  it  seemed  desirable,  in  order  to  show  the  exact  succession 
of  stratigraphic  units,  to  give  the  shale  a  place  in  the  column  of 
formations  in  the  synoptical  table  on  page  60,  and  hence  it 
appears  under  the  name  of  Glenwood  shale.  The  great  develop;- 
ment  of  arenaceous  characters  has  led  to  placing  it  with  the 
Saint  Peter.  Below  the  shale  bed,  sandstone  of  the  normal  phase 
of  the  Saint  Peter  is  exposed  for  a  thickness  of  about  thirty  feet. 
The  deposit  is  all  stained  with  iron  oxide  to  a  greater  or  less 
extent.  Over  parts  of  the  exposed  surface  exfoliating  laminae 
are  developed;  elsewhere  the  deposit  breaks  down  into  inco- 
herent sand  without  passing  through  a  laminated  stage. 

One-fourth  of  a  mile  north  of  the  locality  described  above,  the 
entire  thickness  of  the  Saint  Peter  is  exposed  in  a  steep  ravine 
which,  beginning  on  the  west  side  of  the  road  and  extending  to 
the  east  shows: 
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11  Galena  limestone  in  courses  of  variable  hickaess.  Only  the 
lower  Leds  exposed 20 

10  Uecor ah  shales ,  gray,  greenish  or  bluish  in  color,    with  em«> 
bedded  thin  layers,  leni-ihaped  slabs  and  nodules   of  lime-* 
stone:    near    the   top   it   contains     Prasopora  and   related 
bryozoa,    with  Ortkis   tfuenaria.    Orchis   subaequata  and 
other  "Green  Shales''  types  farther  down  15 

9  Platteville  limestone  in  a  number  of  hard  ledges  ranging  from 
three  to  eight  inches  in   thickness 4 

8  Thinner  Platteville,  brittle  bluish  layers  with  thin  shaly  part- 
ings, the  "glass  rock"  of  some  authors 20 

7  Platteville  limestone  represented  by  yellow  magnesian  layers 
rarely  more  than  eight  inches  in  thickness.  The  *' Loiter 
Buff  Beds* '  of  authors ■. . .       5 

6  Glenwood  shale  between  the  Platteville  limestone  and  the 
normal  phase  of  the  Saint  Peter  sandstone,  arenaceous 
coward  the  bottom,  more  purely  argillaceous  above.  Should 
probably  be  divided  into  two  parts,  the  upper  to  be  classi- 
fied as  Platteville,  the  lower  as  Saint  Peter *    10 

5  Iron-s*ained  Saint  Peter  sandstone  without  definite  bedding, 
presenting  the  norm%l  characteristics  of  the  formation  except 
that  there  is  more  than  the  usual  amount  of  coloring 30 

4  Iron-stained  Saiat  Peter  sandstone,  not  separated  from  No. 
5  by  any  definite  bedding  plane,  but  distinguished  by  the 
presence  of  great  numbers  of  vermicular  tubes  one-fourth 
of  an  inch  in  diameter;  some  partly  open,  but  generally  they 
are  filled  with  darker,  more  ferruginous  sand 10 

3  Iron-stained  Saint  Peter  sandstone  distinguished  from  No.  4 
by  the  absence  of  the  "worm  burrows'*   20 

2  Basal  part  of  Saint  Peter,  not  well  exposed 10 

1  Ledges  of  dolomite  belonging  to  the  upper  part  of  the  Shak- 
opee  limestone 4 

It  is  possible  that  No.  2  may  not  all  belong  to  the  Saint  Peter 
sandstone,  l)iit  in  any  event  the  thickness  of  the  formation  at  this 
point  is  between  sixty  and  seventy  feet.  Near  the  middle  of  the 
south  line  of  the  southwest  quarter  of  section  10,  Pleasant 
township,  there  is  an  exposure  of  the  sandstone  showing  a  thick- 
ness of  seventy  feet.  At  this  point  the  formation  contains  a 
great  number  of  cylindrical  or  fusiform  concretions,  a  feature 
quite  unusual  in  this  county.  In  the  northwest  quarter  of 
the  northwest  quarter  of  section  13,  Glenwood  township, 
the  thickness  of  the  sandstone,  as  ascertained  by  repeated  baro- 
metric measurement,  is  only  sixty  feet.  Near  the  northeast  cor- 
ner of  the  southeast  quarter  of  section  20,  Glenwood,  there  is  a 
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good  exposure  of  the  upper  part  of  the  sandstone  showing  con- 
tact with  the  Platteville.  The  lower  part  is  concealed  in  the  long, 
gentle  slope  occupying  the  space  between  the  steep  bluffs  in  the 
eastern  edge  of  section  20  and  the  stream  which  flows  north 
through  section  21.  What  appears  to  be  the  upper  surface  of 
the  Shakopee  limestone  is  exposed  near  the  stream,  a  very  good 
exposure  occurring  in  the  low,  steep  banks  south  of  the  road, 
and  barometric  readings  show  a  difference  of  only  fifty-five  feet 
between  the  Platteville  beds  on  the  one  hand  and  the  Shakopee 
on  the  other.  The  apparent  diminution  in  the  thickness  of  the 
Saint  Peter  at  this  point  is  accounted  for,  in  part  at  least,  by  the 
dip  of  the  strata  toward  Ihe  south  and  west.  At  the  other 
observed  localities  where  the  Saint  Peter  is  exposed  in  this 
county,  the  thickness  of  the  formation  is  not  definitely  indicated. 
Usually  the  upper  surface  is  clearly  defined,  for,  in  general,  the 
sandstone  occurs  in  ridges  or  affects  steep  slopes,  and  may,  or 
may  not,  be  capped  with  the  Platteville  limestone ;  the  contact 
with  the  underlying  dolomite  is  generally  concealed  by  the  grad- 
ually thickening  mantle  of  rock  waste  toward  the  foot  of  the 
declivity. 

As  to  distribution,  it  may  be  said  in  general  that  the  Saint 
Peter  sandstone  is  exposed  in  an  area  lying  southwest  of  the 
outcrops  of  the  formations  previously  noted.  The  regular  south- 
west dip  of  the  strata,  which  prevails  generally  throughout  east- 
em  Iowa,  is  interferred  with  by  a  low  anticline  passing  north- 
westwardly through  Sattre  and  Locust  in  the  northeastern  part 
of  Pleasant  township.  North  of  this  axis  the  dip  is  toward  the 
northeast;  on  the  other  side  the  dip  is  regular  and  throws  the 
exposures  of  the  Saint  Peter  toward  the  southwest.  The  belt  in 
which  the  sandstone  comes  to  the  surface  passes  northwestward 
through  the  central  part  of  Glenwood  township,  includes  the 
northeastern  comer  of  Decorah,  the  eastern  part  of  Canoe  and 
Hesper,  the  central  parts  of  Pleasant,  and  the  northwestern  part 
of  Highland.  Owing  to  the  reversal  of  the  dip  the  Saint  Peter 
is  overlain  by  beds  of  the  lower  Trenton  series  in  the  northeast 
comer  of  Highland  township.  Outcrops  of  the  Saint  Peter  sand- 
stone have  been  already  noted  in  sections  6,  13  and  20  of  Glen- 
wood  township.  Others  were  observed  in  the  stream  valleys  in 
sections  21,  27  and  28.    Northward  to  the  Upper  Iowa  river,  the 
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valleys  are  cut  below  the  level  of  this  formation;  the  higher  land 
toward  the  south  is  occupied  by  the  Platteville  and  Galena  lime- 
stones. In  Decorah  township  exposures  of  the  sandstone  begin 
in  the  bluffs  of  the  river  between  Decorah  and  Freeport.  A  few 
rods  northwest  of  the  Freeport  bridge  there  is  a  steep  cliff  made 
up  in  part  of  the  Saint  Peter  and  in  part  of  the  Platteville  lime- 
stone. The  top  of  the  sandstone  has  an  altitude  of  seventy  feet 
above  the  water  in  the  river,  and  the  thickness  exposed  to  the 
top  of  the  talus  slope  is  fully  forty  feet.  The  overlying  shale 
bed  is  less  arenaceous  than  in  section  6  of  Glenwood  township, 
and  the  thickness  is  reduced  to  twelve  feet.  The  lower  part  of 
the  bed  is  leaner  and  more  gritty  than  the  ** basal  shale**  of  the 
counties  of  Allamakee  and  Dubuque.  Red,  yellow  and  brown 
colors  prevail  in  the  sandstone;  very  little  of  it  is  white.  Other 
exposures  of  the  sandstone  in  this  township  occur  in  the  low 
valleys  tributary  to  the  river  below  Freeport.  On  the  south  side 
of  the  river  there  is  quite  a  cliff  of  the  sandstone  parallel  to  the 
road  in  the  northern  and  northeastern  part  of  section  24.  The 
southwest  dip  is  here  very  strong,  and  though  the  sandstone 
rises  seventy  feet  above  the  stream  at  Freeport,  it  has  descended 
below  the  bottom  of  the  river  at  Decorah.  The  sandstone  is 
well  exposed  in  the  eastern  part  of  Canoe  township.  The  most 
extensive  continuous  cliffs  of  this  formation  seen  anywhere  in 
the  county  occur  in  the  southern  part  of  section  13  and  the 
northeastern  part  of  15.  The  last  exposure  of  the  Saint  Peter, 
toward  the  northwest,  was  seen  in  a  little  valley  on  the  state 
line,  in  section  10  of  Hesper  township. 

Some  of  the  surface  features  controlled  by  the  Saint  Peter 
sandstone  have  been  previously  noted  in  the  chapter  on 
Topography.     The  prominent  salient  (Fig.  5)   in  section  12, 
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FiiT.  5- Salient  of  Saint  Peter  sandstone,  showinir  numlBrous  joints,  in  the  northwest 
quarter  of  section  12,  Hesper  township. 

Hesper  township,  is  from  twenty-five  to  thirty  feet  in  hight.  It 
is  jointed  and  seamed  far  more  than  is  usually  the  case  in  this 
formation.  It  illustrates  the  tendency  of  this  sandstone, 
uncemented  and  incoherent  though  it  is,  to  form  cliffs  and  steep 
slopes,  to  recede  by  wasting  from  the  side  rather  than  from  the 
top.  Extending  for  quite  a  distance  all  around  the  foot  of  the 
exposure,  the  soil  is  simply  a  bed  of  loose  sand,  and  here  flourish 
desert  plants  or  sand-loving  plants  of  kinds  found  nowhere  else 
in  Iowa  except  in  waste  from  the  Saint  Peter  sandstone. 

From  an  economic  point  of  view  the  Saint  Peter  sandstone  of 
Winneshiek  county  has  but  little  to  offer.  At  none  of  the 
observed  exposures  was  it  free  enough  from  staining  matter  to 
make  it  suitable  for  the  manufacture  of  clear  white  glass,  a  use 
to  which  it  is  well  suited  and  extensively  applied  in  many  other 
localities. 
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The  shale  between  the  Saint  Peter  sandstone  and  the  overly- 
ing limestones  marks  a  very  definite  and  constant  horizon 
throughout  the  upper  Mississippi  valley.  About  fifty  feet  above 
the  top  of  the  sandstone  there  begins  another  shale  bed  which, 
in  the  geological  reports  of  Minnesota,  has  been  generally 
referred  to  as  the  ** Green  Shales."  The  same  name  is  used  in 
the  report  on  Dubuque  county,  Iowa;  Iowa  Geological  Survey, 
Volume  X.  This  second  shale  bed  is  equally  constant  and  equally 
definite,  and  has  the  further  advantage  of  being  characterized  by 
a  distinct  fauna  of  which  Conrad's  Orthis  tricenaria  and  Orthis 
subaequata  are  perhaps  the  most  common  and  most  easily  recog- 
nized types.  Between  the  two  shale  beds  lies  a  body  of  lime- 
stone; and  a  second,  thicker  body  of  limestone  overlies  the 
'* Green  Shales."  Disregarding  for  the  moment  the  first  shale, 
which  lies  immediately  on  the  Saint  Peter,  there  are  here  three 
formations  sharply  set  off  one  from  the  other,  and  having  an 
aggregate  thickness  of  approximately  300  feet.  While  the  faunal 
relations  of  the  three  are  quite  intimate,  they  are  each  suffi- 
ciently distinct  and  sufficiently  important  stratigraphically  to 
deserve  rank  as  separate  geologic  units. 

In  the  past  there  has  been  an  unusual  amount  of  confusion 
relative  to  the  names  which  should  be  applied  in  this  part  of  the 
geological  column,  either  to  the  assemblage  of  strata  as  a  whole 
or  to  its  several  parts.  In  the  report  on  Dubuque  county.  Volume 
X,  pages  402-411,  the  reader  will  find  a  discussion  of  the  dis- 
crepent views  expressed  by  geologists  concerning  the  limits 
within  which  certain  terms  may  be  applied,  together  with  the 
probable  causes  which  have  led  to  such  remarkably  wide  differ- 
ences of  opinion.  While  the  work  of  Hall  in  Iowa  and  Wiscon- 
sin, with  its  masterly  insight  into  paleontological  relationships, 
led,  properly  enough,  considering  the  state  of  the  science  at  that 
time,  to  the  almost  universal  practice  of  calling  some  or  all  of 
these  beds  Trenton,  it  is  not  now  certain  that  all  together,  or  any 
part  of  them,  can  be  regarded  as  the  exact  equivalent  of  the 
Trenton  limestone  of  New  York.    Furthermore,  as  will  be  seen 
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by  a  perusal  of  the  literature  cited  in  the  report  on  Dubuque 
county,  the  *' Trenton'*  as  defined  in  one  state  or  county  in  the 
Mississippi  valley,  has  not  always  been  the  exact  equivalent  of 
the  ** Trenton"  as  defined  in  some  other  state  or  county  not  far 
away.  The  body  of  limestone  above  the  *' Green  Shales"  varies 
greatly  in  lithological  characters,  a  fact  that  seems  to  have  been 
overlooked  by  the  earlier  workers.  In  places  it  is  a  heavy-bedded, 
crystalline  dolomite  throughout  its  entire  thickness,  in  other 
places  only  part  of  it  is  dolomitic;  in  still  others  it  is  a  thin- 
bedded,  unaltered  limestone  from  top  to  bottom.  Where  com- 
pletely dolomitized,  as  in  the  lead-bearing  region  around 
Dubuque,  it  was  separated  from  the  *' Trenton"  and  called  Gal- 
ena limestone,  a  name  that  seems  to  have  been  based  at  first  on 
lithology  rather  than  on  life  zones  or  on  any  definitely  recog- 
nized stratigraphic  limits.  Accordingly  the  terra,  Galena,  has 
been  used  with  as  much  indefiniteness  as  the  term,  Trenton.  The 
more  recent  work  of  Winchell,  Norton,  Bain  and  others  has 
made  it  clear  that  the  three  stratigraphic  units  referred  to 
above,  while  individually  showing  quite  a  range  of  variation  in 
thickness  and  lithological  characters,  are  yet  stratigraphically 
clearly  defined  and  easily  recognized  throughout  the  entire  area 
of  their  distribution  in  the  upper  Mississippi  valley.  In  the 
interest  of  clearness  it  is  greatly  to  be  desired  that  a  definite 
name  should  be  applied  to  each  of  these  definite  units. 

Bain  has  led  the  way  toward  definiteness  by  proposing  to 
divide  the  assemblage  of  strata  to  which  the  names  Galena, 
Trenton,  or  Galena-Trenton  have  been  more  or  less  vaguely 
applied,  calling  all  below  the  top  of  the  '* Green  Shales"  Platte- 
ville*  and  all  above  that  very  definitely  marked  horizon  the 
Galena  limestone.  In  the  region  about  Platteville,  Wisconsin, 
whence  the  name,  Platteville,  is  taken,  the  shaly  member  seems 
to  be  more  calcareous  than  in  Iowa  or  Minnesota,  and  so  tne 
term  is  made  to  cover  both  the  shale  and  the  underlying  lime- 
stone. While  retaining  the  term  in  the  sense  in  which  Bain  has 
used  it,  it  is  yet  desirable  to  distinguish  betwe<^n  the  calcareous 

*Zincand  Lead  Depo^ifg  of  iVorthw^Htern  nUnoU.    By    H.  Foster  Bain,  U.  8. 
Qeol   Surv.,  Bulletin  No.  246,  pp  17-20.    Washinsrton,  1905. 
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and  the  argillaceous  parts  of  the  deposit,  and  for  the  pres- 
ent the  limestone  member  will  be  called  the  Platteville  limestone, 
and  the  overlying  argillaceous  beds  the  Decorah  shales. 

The  limestone  member  of  the  Platteville  is  divisible,  some- 
what arbitrarily,  into  three  parts, — (1)  Lower  Buflf  Beds,  (2) 
Thin,  Brittle  Beds,  (3)  Thicker,  Quarrystone  Beds.  As  a  whole, 
the  Platteville  limestone  is  much  thinner  in  Winneshiek  county 
than  in  Dubuque.  The  lower  Buff  Beds,  which  near  Specht 
Ferry  are  from  sixteen  to  twenty  feet  in  thickness,  are  here 
limited  to  five  or  six  feet,  the  individual  layers  rarely  exceeding 
eight  inches;  while  in  Dubuque  county,  as  shown  in  Plate  5, 
opposite  page  412,  some  of  the  beds  have  a  thickness  of  almost 
as  many  feet.  The  heaviest  courses  in  the  Lower  Buff  Beds  in 
Winneshiek  county  were  seen  near  Freeport  where  layers  two 
feet  in  thickness  are  found  directly  above  the  Glenwood  shale. 
These  beds  are  highly  magnesian,  yellowish  or  buff  in  color, 
rather  soft  and  earthy  as  compared  with  the  typical  dolomitic 
phase  of  the  younger  Galena  but  still  capable  of  offering  admir- 
able resistance  to  the  disintegrating  effects  of  the  weather. 
Where  they  have  greater  thickness  and  are  favorably  located 
with  respect  to  market,  they  deserve  attention  as  a  source  of 
good  building  stone.  No  fossils  have  been  found  in  this  portion 
of  the  Platteville  limestone  in  Iowa. 

The  lower  Buff  Beds  are  followed  by  limestone  in  thinner  lay- 
ers, which  are  rarely  more  than  three  inches  in  thickness.  These 
beds  are  bluish  in  color  on  fresh  fracture;  though  weathering  to 
gray;  fine  grained,  hard  and  brittle;  not  so  highly  magnesian  as 
the  beds  below,  and  quite  fossiliferous.  The  prevailing  fossils 
are  small  forms  of  Rafinesqiiina  alternata  Conrad,  and  normal 
forms  of  Plectamhonites  sericea  Sowerby.  All  the  fossils  are 
firmly  embedded  in  the  fine  grained  limestone.  Shaly  partings  of 
varying  thicknesses  separate  the  individual  layers.  The  total 
thickness  of  these  thin,  hard,  brittle  beds  is  about  twenty  feet. 
They  are  quarried  at  a  few  points,  the  most  important  being  a 
large  opening  at  the  base  of  the  bluff  on  the  north  side  of  the 
river  at  Decorah,  but  they  have  little  of  economic  importance  to 
recommend  them. 
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A  series  of  layers  varying  from  four  to  eight  feet  in  thickness, 
overlies  the  thin  brittle  beds  just  described.  The  stone  here  is 
evenly  bedded  as  shown  in  figure  6.    It  is  bluish  in  color,  fine 


Fifi:  6  Quarry  face  in  the  Platteville  limestone:  showins:  the  resrular  beddinsr  toward, 
the  top;  a  small  amount  of  undisturbed  Decorah  shale  overlies  the  lime- 
stone; the  upper  part  of  the  section  is  made  up  of  rock  waste  and  loess- 
Near  the  north  end  of  the  Ice  Cave  bridgre,  Decorah. 

grained,  hard  and  compact,  and  is  capable  of  withstanding  the 
disintegrating  effects  of  the  atmospliora  or  alternations  of  tem- 
perature. The  layers  range  in  thickness  from  six  to  eight  inches, 
and  owing  to  the  uniform  character  of  the  individual  beds  and 
the  comparative  freedom  from  joints  it  is  possible  to  obtain 
pieces  of  almost  any  desired  surficial  dimensions.  In  some 
respects  this  is  the  most  important  quarry  horizon  in  the  Tren- 
ton series  in  Winneshiek  county.  It  has  been  worked  quite 
extensively  on  the  north  side  of  the  river  at  Decorah,  in  the 
northeast  quarter  of  soction  16.  One  of  the  (piarries  operated  by 
M.  T.  Halloran  in  the  northeast  quarter  of  section  15,  makes  use 
of  these  same  beds.    There  are  a  number  of  quarries  worked  at 
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this  horizon  in  the  vicinity  of  Hesper,  the  most  active  operations 
at  the  time  the  region  was  visited  being  carried  on  at  the  Weber 
quarry  south  of  the  village.  Mr.  Weber  has  been  quarrying  here 
for  about  twenty  years,  taking  out  stone  at  the  rate  of  250  to 
300  cords  a  year.  Since  the  aggregate  thickness  of  the  workable 
beds  is  not  very  great,  the  area  worked  over  is,  consequently, 
quite  considerable.  At  all  the  localities  where  this  phase  of  the 
limestone  is  worked,  the  large  orthoceracone  which  is  usually 
referred  to  Endoceras  proteiforme  Hall*,  occurs  not  infre- 
quently. Some  of  the  individuals  of  this  gigantic  species  must 
have  attained  a  length  of  twelve  or  fifteen  feet.  A  f ragni  ?nt  of 
one  of  these  great  shells,  donated  by  Dr.  Fordyce  AVorth  of 
Hesper,  is  five  feet  in  length,  ten  inches  in  diameter  at  t -i  ^  larger 
end  and  five  inches  at  the  smaller.  The  entire  fragniei^.t  l)elongs 
to  the  septate  part  of  the  shell,  no  part  of  the  living;  chamber 
being  included.  The  depth  of  the  air  chambers  is  relatively  small; 
from  twenty-seven  to  thirty  occur  in  the  space  of  one  foot. 
Another  fragment  collected  near  Decorah  is  three  feet  long, 
seven  and  a  fourth  inches  in  diameter  at  the  larger  end,  and 
tapers  at  the  rate  of  one  and  one-fourth  inches  to  the  foot.  A 
piece  more  than  two  feet  in  length,  fitting  on  to  the  larger  end 
of  this  specimen,  was  left  in  the  quarry,  and  disappeared  with 
the  ordinary  rubble  stone  before  it  could  be  cared  for.  Other 
determinable  fossils  are  rare.  The  beds  are  composed  chiefly  of 
finely  eoTuminuted  and  firmly  cemented  brachiopod  shells.  On 
the  north  side  of  the  river  near  Decorah,  large  blocks  of  the 
compact  stone  from  this  horizon  were  formerly  sawed  into  thin 
slabs  and  pol:sh'3rl  by  machinery,  the  power  being  furnished  by 
the  waters  of  a  large  spring  which  issues  from  the  hillside,  thirty 
feet  or  more  above  the  level  of  the  valley.  The  product  was  a 
very  pleasing  quality  of  **innrl)le'-  suitable  for  table  tops  and 
interior  decorations. 

DECORAH  SHALE. 

Within  the  limits  of  the  city  of  Decorah,  at  numerous  points 
within  a  short  distance  of  the  city,  and  at  practically  all  the 
localities  where  the  limestone  last  described  comes  to  the  surface, 
the  sh-^ly  member  of  the  Platteville  stage  is  well  exposed.    The 

♦In     Th^  Geology  of  Minnetoto.    Vol,  Ifl,    Part  /I,    of  the  Final  Report ^  pafire  7T7, 
Professor  John  M.  Clarke  refers  this  species  to  Conrad's  srenus  Cameroceras. 
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Decorah  shale  ranges  from  twenty-five  to  thirty  feet  in  thick- 
ness. It  is  everywhere  very  calcareous,  with  numerous  bands 
and  nodules  of  limestone  distributed  through  it.  A  very  typical 
exposure  of  the  shale  (Fig.  7)  is  seen  at  the  foot  of  the  bluff  on 


Pig.  7  -Exposure  of  the  Decorah  shale  -with  the  overlying:  basal  ledgres  of  the  Galena 
iimestone,  at  the  Dusrway,  Decor  ih 


Pier.' 
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the  left  of  the  '*Dugway",  the  road  leading  southwest  along  the 
river  from  the  west  end  of  Main  street.  Practically  the  whole 
thickness  of  the  beds  is  here  shown.  The  deposit  is  more  argil- 
laceous toward  the  base  of  the  section,  and  becomes  quite  cal- 
careous toward  the  top.  The  contact  with  the  firm,  well-bedded, 
overlying  Galena  limestone  appears  in  the  upper  part  of  the 
view.  Fossils  are  numerous  in  the  shales.  The  species  noted 
embrace  Streptelasma  corniculum  Hall,  Prasopora  simulatrix 
Ulrich,  and  other  species  of  niouticiiliporoids,  some  hemispheri- 
cal, others  branching,  Lingula,  reprasonted  by  fragments  which 
rend^'  sneeifie  i'l.^ntification  uncertain,  Strophomcna  incurvata 
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Shepard,  Plectambonites  sericea  Sowerby,  Orthis  tricenaria 
Conrad,  Orthis  testudinaria  Dalman,  Orthis  subaequata  Conrad, 
Orthis  plicatella  Hall,  Rhynchotrema  inaequivalvis  Castelnau, 
Liospira,  species  undetermined,  and  an  undetermined  specie :s  of 
Orthoceras.  The  Prasopora  is  most  abundant  in  a  zone,  two  or 
three  feet  in  thickness,  immediately  below  the  Galena  limestone; 
brachiopods  are  more  conmion  in  the  middle  and  lower  part  of 
the  section. 

The  Decorah  shales  were  exposed  in  grading  Winnebago 
street  east  of  the  court  house,  and  quite  a  portion  of  the  deposit 
may  still  be  seen  at  this  point;  they  were  also  cut  into  during 
the  progress  of  street  work  in  other  parts  of  the  city.  They 
come  to  view  on  the  north  side  of  the  river  at  and  near  the 
mouth  of  the  Mill  spring  ravine.  A  short  distance  east  of  the 
ravine,  near  the  residence  of  John  0.  Void,  the  shale  is  much 
more  argillaceous,  more  slippery  and  sticky  and  more  imper- 
vious to  water  than  at  the  Dugway,  and  a  number  of  small 
springs,  coinciding  in  position  with  the  upper  surface  of  the 
shales,  issue  from  the  hillside.  The  shales  overlie  the  limestones 
in  the  west  quarry  of  Mr.  Halloran,  east  of  the  Ice  cave  bridge. 
They  are  seen  at  the  east  end  of  North  street  in  West  Decorah, 
where  they  have  been  exposed  by  the  grading  of  the  roads  leading 
out  of  the  city.  There  is  a  good  exposure  along  the  roadside  in 
the  southwestern  part  of  section  9,  Decorah  township,  and 
another  excellent  outcrop  is  seen  near  the  center  of  the  north- 
east quarter  of  section  5.  Near  the  center  of  the  southwest 
quarter  of  the  northeast  quarter  of  section  20,  Glen  wood  town- 
ship, and  at  the  same  level  around  the  valleys  converging  towards 
the  central  portion  of  this  township,  there  are  numerous  points 
where  these  shales  come  to  the  surface.  There  are  also  many 
exposures  of  the  shales  in  a  belt  extending  northward  through  the 
central  part  of  Canoe  township ;  and  in  Hesper  township  the  out- 
crops are  many.  The  lower  part  of  this  deposit,  underneath  some 
glacial  material  and  loc2,l  rock  waste,  occurs  above  the  quarry 
stone  in  the  Weber  quarry,  just  south  of  ilesper.  The  character- 
istics here  are  more  like  those  seen  in  these  shales  near  Waukon 
in  Allamakee  county.  The  shaly  part  is  quite  argillaceous,  and 
the  calcareous  constituents  take  the  form  of  thin  lenses  of  lime- 
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.stone  in  some  cases  composed  almost  wholly  of  the  unbroken 
valves  of  brachiopods  cemented  together.  The  very  perfect 
valves  of  Orthis  subaequata  are  by  far  the  most  common.  Orthis 
tricenaria  occurs  occasionally ;  Orthis  testudinaria  and  Plectam- 
bonites  sericea  are  not  rare;  while  very  conspicuous,  though  less 
numerous  than  some  of  the  other  species,  are  detached  valves  of 
Strophomena  incurvata  and  Strophomena  planumbona*.  In 
some  instances  the  limestone  lenses  are  made  up  of  compacted 
masses  of  branching  monticuliporoids.  It  is  possible  that,  by 
proper  management,  the  Decorah  shales  might  become  economic- 
ally valuable  in  the  manufacture  of  Portland  cement.  Otherwise, 
as  far  as  known  at  present,  they  are  without  commercial  import- 
ance. 

GALENA    LIMESTONE. 

In  point  of  thickness  and  areal  distribution  the  Galena  is  the 
most  important  body  of  limestone  in  Winneshiek  county.  Its  firm, 
relatively  thick  basal  ledges  are  sharply  set  off  from  the  under- 
lying Decorah  shales.  As  a  geological  unit  it  is  fairly  uniform 
in  characteristics  throughout  our  area  and  throughout  its  entire 
thickness.  There  are  some  local  departures  from  uniformity  to 
be  noted  later,  but  they  do  not  affect  the  general  statement.  As 
a  rule  the  bedding  is  thin;  layers  equalling  a  foot  in  thickness 
are  rather  exceptional.  The  total  thickness  of  the  formation 
will  average  about  225  feet. 

All  the  bold,  picturesque  cliffs  facing  the  valleys  around 
Decorah,  are  composed  of  Galena  limestone,  for  the  shales  below 
the  base  of  the  Galena  rise  but  little  above  the  platform  on  which 
the  city  is  built.  From  the  northwest  comer  of  the  county  to 
Decorah  the  Oneota  or  Upper  Iowa  river  flows,  in  general,  in 
the  direction  of  the  strike  of  the  strata,  from  which  fact  it  would 
result  that,  were  it  not  for  the  grade  of  the  stream,  the  floor  of 
the  river  valley  would  lie  in  a  plane  practically  parallel  with  the 
base  of  the  Galena.  As  it  is  the  water  in  the  river  and  the  lower 
beds  of  the  limestone  are  at  the  same  level  a  short  distance  above 
Decorah,  and  from  this  point  northwestward  the  stream  level 

*By  man^f  authors  the  Strophomrna  planvmbono  Hall,  has,  of  late  years,  heen 
resrarded  as  identical  with  8.  rvgo»a  Rafinesque,  but  the  reason  for  so  reirard- 
iDir  it  is  notconvincinirly  apparent. 
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rises  very  gradually  above  the  base  until,  at  Florenceville  in 
Howard  county,  it  coincides  with  the  upper  beds  of  the  Qalena 
formation.  One  of  the  results  of  the  relation  existing  between 
the  course  of  the  river  and  the  strike  of  the  beds  is  that  the 
great  vertical  cliffs  which  rise  at  intervals  along  the  sides  of  the 
valley  between  Decorah  and  Kendallville  are  all  repetitions  of 
a  single  section;  all  reveal  essentially  the  same  horizons  and 
pass  through  the  same  life  zones. 

In  the  matter  of  distribution  the  Galena  limestone  appears  at 
the  surface  in  two  areas  in  Winneshiek  county.  One  of  these  is 
very  small  and  unimportant,  and  occupies  only  a  few  acres  in 
the  valley  of  the  Yellow  river,  in  the  northeast  corner  of  section 
13,  Bloomfield  township.  The  other  area  is  much  larger  and  lies 
in  the  northern  and  northwestern  part  of  the  county.  The  great 
trench  which  forms  the  valley  of  the  Oneota  or  Upper  Iowa  river 
has  been  cut  in  this  area  near  its  southwestern  edge.  The  belt 
on  the  south  of  the  stream  is  rather  narrow ;  the  dip  is  at  right 
angles  to  the  main  course  of  the  valley,  and  the  formation  soon 
disappears  beneath  the  shales  and  shaly  limestones  of  the 
Maquoketa  «tage.  In  section  9  of  Frankville  township  and  sec- 
tion 10  of  Springfield  the  larger  area  of  the  Galena  reaches  its 
greatest  extension  toward  the  south  and  southeast.  North  of  the 
river  the  area,  on  the  average,  is  wider.  It  extends  to  the  state 
line  in  Frt^mont  and  Burr  Oak  townships,  and  on  northward  into 
Minnesota.  Toward  the  northeast  it  includes  the  village  of 
Hesper. 

Lithologically  the  Galena  limestone  of  Winneshiek  county 
differs  from  the  typical- Galena  around  Dubuque  in  being  com- 
posed almost  wholly  of  non-dolomitic  limestone.  There  are  a 
few  exposures  in  the  northwestern  part  of  the  county  in  which 
this  formation  is  magnesian  and  assumes  the  general  aspect  of 
the  massive,  buff  colored,  completely  dolomitized  beds  of  Galena 
in  the  mining  regions  of  Dubuque  county,  but  these  outcrops  are 
few  and  the  area  in  which  they  occur  is  quite  limited.  One  of  the 
outcrops  is  seen  a  rod  or  two  east  of  the  county  line  and  not  far 
from  the  south  line  of  section  18,  Fremont  township.  This  occur- 
rence is  noted  in  the  report  on  Howard  county.  Vol.  XIII,  page 
43.    Other  good  examples  of  the  dolomitie  phase  of  the  Galena 
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occur  in  the  same  township  near  the  southeast  corner  of  section 
7.  In  general,  however,  the  Galena  limestone  in  the  northern 
part  of  Iowa  is  not  a  dolomite.  In  texture  the  non-magnesian 
part  of  the  formation  is  of  much  finer  grain  than  the  coarsely 
granular  Galena  of  the  lead  mining  regions  farther  south.  In 
color  it  ranges  through  varying  shades  of  blue,  drab  or  dark  ' 
gray  on  freshly  broken  surfaces,  but  it  weathers  to  lighter  gray, 
or  even  buff,  under  protracted  exposure.  With  the  exception 
of  an  occasional  stratum,  or  small  group  of  strata,  the  several 
layers  in  the  non-magnesian  phase  of  the  Galena  tend,  on  expos- 
ure to  weather  or  alternations  of  temperature,  to  split  up  into 
very  irregular,  thin  laminae,  which  break  again  transversely 
into  small,  shapeless  chips.  Some  portions  of  the  old  retaining 
wall  around  the  court  house  square  in  Decorah  illustrate  this 
tendency.  In  the  southeast  quarter  of  the  southwest  quarter  of 
section  9,  Bluffton  township,  there  is  an  exposure  showing  a  few 
layers  of  Galena  limestone  ranging  from  twelve  to  fourteen 
inches  in  thickness.  These  show  practically  no  effect  of  weather- 
ing; they  are  capable  of  furnisliing  a  very  desirable  quality  of 
building  stone.  The  heavy  ledges  just  noted  are  interbedded 
with  shale,  one  of  the  shale  bands  being  fully  twelve  inches  in 
thickness.  In  the  last  twenty  or  thirty  feet  of  the  formation 
toward  the  top,  the  layers  quite  generally  show  a  curiously  mot- 
tled appearance  due  to  the  presence  of  irregular,  yellowish 
spots,  from  an  inch  to  an  inch  and  a  half  in  diameter,  mingled 
with  the  prevailing  drab  or  blue.  While  this  feature  is  not 
strictly  limited  to  the  upper  zone,  it  is  more  common  there  than 
at  other  horizons.  The  stone  in  these  spots  is  granular  and 
vesicular,  easily  broken  down,  and  differs  conspicuously  from 
the  fine  grained,  compact  portions  of  the  limestone  surrounding 
them.  In  localities  where  this  phase  of  the  limestone  hns  been 
long  exposed,  these  softer,  porous  portions  have  been  washed 
and  weathered  away  leaving  the  beds  marked  by  irregular  pits 
and  caverns  and  curious  tortuous  channels.  AVherever  the 
observer  finds  this  phase  of  the  Galena  limestone  well  developed, 
he  may  be  sure  that  he  is  not  far  from  its  upper  limit,  from  its 
contact  with  the  overlying  Maquoketa. 

Good  sections  of  parts  of  the  Galena  limestone  may  be  seen  in 
all  the  bluffs  along  the  river  and  its  few  tributaries,  from 
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Decorah  northwestward.  At  no  place  is  the  whole  thickness  to 
be  found  in  a  single  exposure.  In  the  vertical  scarp  at  the  **  Dug- 
way^',  in  the  city  of  Decorah,  the  basal  portion  of  the  formation 
is  seen;  and  in  the  slopes  above  the  scarp  there  are  outcrops  at 
intervals  up  to  160  feet  above  the  base.  The  highest  beds  com- 
ing to  the  surface  in  this  vicinity  belong  to  the  Gastropod  zone 
described  in  the  report  on  Dubuque  county,  and  furnish  such 
diagnostic  species  as  Maclurea  bigsbyi  Hall,  and  Hormotoma 
major  Hall.  Receptaculites  oweni  Hall,  occurs  in  loose  frag- 
ments at  the  gastropod  horizon.  There  are  from  fifty  to  sixty 
feet  of  the  upper  part  of  the  Galena  not  exposed  in  and  around 
Decorah.  Probably  the  most  impressive  section  of  this  lime- 
stone is  to  be  seen  at  Bluifton.  Here,  on  the  south  side  of  the 
river,  is  a  great  vertical  cliff  (Fig.  8)  more  thnn  100  feet  in  hight. 


Fis:.  8- Cliff  of  Qalena  limestone  atBlutfton.    The  face  of  the  cliff  coincides  with  the 
face  of  one  of  the  master  Joints  which  cut  the  formation. 

It  rises  sheer  from  the  edge  of  the  water  in  the  river,  and  its 
base  is  only  about  twenty-five  feet  above  the  top  of  the  Decorah 
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shales.  The  flat,  even,  vertical  face  of  the  scarp  coincides  with 
one  of  the  great  east-west  joints  which  divide  the  limestone  into 
massive  blocks.  The  stone  is  fairly  homogeneous  throughout 
the  whole  front  of  the  cliff,  all  showing  about  the  same  color  and 
the  same  effects  of  weathering.  There  are,  however,  aome 
softer  bands  that  recede  faster  than  the  rest,  and  between  forty 
and  fifty  feet  above  the  base  there  occur  the  firm,  heavy  ledges 
interbedded  with  shale,  noted  aboye  as  seen  in  the  southwest 
quarter  of  section  9.    Following  the  Bluff ton-Cresco  road,  the 


Fie:.  9— Cliff  of  Galena  lime  tone  above  the  bridee  northwest  of  Bluffton,  showinsr  the 
effects  of  loints  at  risrht  anirles  to  the  face  ofthe  cliff. 

gastropod  zone  with  its  large  forms  of  Maclurea,  Maclurina  and 
Hormotoma,  is  encountered  in  the  northwest  quarter  of  section 
16,  at  an  elevation  of  150  feet  above  the  river.  Receptaculites 
oweni  Hall,  occurs  here  at  the  same  horizon.  At  the  angle  of 
the  road,  one-fourth  of  a  mile  west  of  the  center  of  section  16, 
the  top  of  the  Galena  is  reached,  and  the  overlying  Maquoketa 
attains  a  thickness  of  forty  feet  between  the  plane  of  contact 
with  the  Galena  and  the  summits  of  the  surrounding  knobs  and 


92 


GALENA   LIMESTONE. 


ridges.  Above  the  bridge  west  of  Bluffton  there  is  a  cliff  of 
Galena  trending  ^orth  and  south  through  the  middle  of  the  east 
half  of  section  9,  in  which  the  limestone  is  developed  into  strik- 
ingly regular  columns  on  account  of  solution  and  weathering 
along  the  east-west  joints  which  here  cut  the  face  of  th^  cliff  at 
right  angles.  The  effect  of  these  joints  will  be  appreciated  if 
this  cliff  (Fig.  9)  is  compared  with  the  one  trending  east  and 
west  (Fig.  8)  a  short  distance  below.  East  of  the  village  of 
Plymouth  Rock,  in  section  35,  Fremont  township,  the  river  flows 
southward  at  the  foot  of  a  cliff  (Fig.  10)  having  the  same  direc- 


F is:.  10— Columns  of  Galena  limestone  at  Plymouth  Rock. produced  by  veatherinsralonir 
joints  which  cut  the  rock  at  riirht  anerles  to  the  face  of  the  cliff 

tion  and  the  same  general  appearance  as  that  above  the  bridge 
at  Bluffton.  The  great  rounded  columns,  due,  as  in  the  preced- 
ing case,  to  the  influence  of  joints  which  cut  the  beds  at  right 
angles  to  the  cliff  face,   are,   in   some  respects,   even   better 
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developed  than  at  the  locality  farther  down  the  stream.  As 
usual  the  beds  show  only  very  slight  differences  in  character- 
istics from  top  to  bottom  of  the  section ;  the  greatest  departure 
from  the  prevailing  type  of  fine  grained,  light  gray  or  pale  buff 
limestone  is  found  in  a  zone  fifteen  feet  in  thickness,  ranging 
from  sixty-five  to  eighty  feet  above  the  base  of  the  cliff,  in  which 
the  rock  approaches  a  dolomite  in  general  appearance.  The  con- 
tact of  the  Galena  with  the  Maquoketa,  which  may  be  seen  in  a 
number  of  erosion  gullies  on  the  slopes  east  of  the  brow  of  the 
cliff  and  is  well  displayed  about  the  middle  of  the  west  line  of 
section  36,  occurs  at  an  elevation  of  120  feet  above  the  level  of 
the  river.  This  would  leave  about  100  feet  of  the  formation 
unexposed  below  the  bed  of  the  stream. 

In  the  badly  weathered  layers  near  the  foot  of  the  cliff,  at  Ply- 
mouth Rock  there  are  a  few  corals  belonging  to  the  genus  Strep- 
telasma  and  an  occasional  specimen  of  Hormotoma  trentonensis 
Ulrich  &  Schofield.  Thirty  feet  above  the  base  there  are  beds 
containing  Fusispira  elongata  Hall,  and  Hormotoma  major 
Hall.  The  upper  Receptaculites  zone  begins  about  ten  feet 
higher,  and  the  species,  Receptaculites  oweni  Hall,  ranges 
through  a  thickness  of  fifteen  feet.  Some  specimens  of  Maclur- 
ina  occur  in  beds  overlying  the  zone  of  Receptaculites. 

There  are  a  few  rather  conspicuous  and  persistent  life  zones 
ranging  through  the  Galena  limestone  in  Winneshiek  county. 
Two  of  these  are  characterized  by  the  abundance  of  Receptacul- 
ites oiveni  Hall.  The  lower  Receptaculites  zone  occurs  between 
fifty  and  sixty  feet  above  the  base  of  the  formation.  It  is  well 
exposed  in  the  upper  quarry  of  Mr.  M.  Halloran,  north  of  the 
center  of  section  15,  Decorah  township.  The  colonies  are  unusu- 
ally large  and  well  developed  for  this  lower  horizon;  as  a  rule 
they  are  smaller  and  less  numerous  here  than  in  the  upper  zone. 
Specimens  more  than  a  foot  in  diameter  are  abundant  in  some 
of  the  layers  of  the  quarry,  and  many  are  weathered  out  on  the 
adjacent  slopes.  The  same  horizon  may  be  recognized  in  the 
vertical  face  of  the  cliff  above  Mill  spring  on  the  north  side  of 
the  river  at  Decorah,  and  it  will  be  found  again  in  the  steep 
ravines  which  make  it  possi])le  to  study  the  successive  beds  which 
make  up  the  lower  and  middle  portions  of  the  Galena  formation 
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above  the  *'Dugway."  The  upper  Receptacnlites  zone  occurs 
from  150  to  160  feet  above  the  top  of  the  Decorah  shales,  from 
fifty-five  to  sixty  feet  below  the  top  of  the  Galena  limestone. 
This  upper  zone  is  much  better  developed  in  Dubuque  county 
than  in  Winneshiek;  throughout  the  city  of  Dubuque  it  is 
crowded  with  robust  colonies  of  this  peculiar  fossil,  while  in  the 
lower  zone  specimens  are  decidedly  rare.  Ischadites  iowensis 
Owen,  occurs  about  midway  between  the  two  zones.  In  some 
instances  it  is  present  locally  in  very  largo  numbers,  but  it  is  far 
less  persistent  than  its  larger  relative. 

Ten  feet  below  the  upper  Receptacnlites  bed  there  is  a  zone 
rich  in  gastropods,  among  which  the  more  conspicuous  forms  are 
Maclurea  higshyi  Hall,  Hormotoma  major  Hall,  Trochonema 
umbilicata  Conrad,  Fusispira  elongata  Hall,  and  F.  inflata  Meek 
&  Worthen.  Rdfinesquina  alternata  Conrad,  and  Plectambonites 
sericea  Sowerby,  come  up  from  the  Platteville  limestone  and 
range  through  the  Galena  and  on  to  the  top  of  the  Maquoketa. 
Near  Bluffton  there  is  a  small  zone  about  seventy  feet  above  the 
base  of  the  Galena,  which  is  unusually  rich  in  Plectambonites. 
Of  the  two  persistent  brachiopods  mentioned  the  evidence  at 
hand  would  indicate  that  they  were  not  uniformly  distributed  at 
any  particular  time  over  the  old  sea  bottom,  but  seem  to  have 
been  grouped  more  or  less  in  local  colonies.  It  must  be  said,  how- 
ever, that  fossils  are  not  common  in  the  Galena  limestone  of 
Winneshiek  county. 

MAQUUKETA    BEDS. 

The  Galena  limestone  ends  abruptly  and  is  followed  in  ascend- 
ing order  by  the  formation,  200  to  240  feet  in  thickness,  which, 
since  1870,  has  been  called  in  works  on  Iowa  geology  the 
Maquoketa  shales.  The  formation  was  first  recognized  by  Hall, 
and  in  his  report  on  the  Geology  of  Iowa  it  was  called  the  Hud- 
son-Rivor  group.  This  name,  or  some  of  its  equivalents,  such 
as  Hudson-River  shales  or  Hudson-River  formation,  has  been 
used  almost  exclusively  in  the  geological  reports  of  Wisconsin 
and  Minnesota.  In  the  reports  on  the  Geology  of  Illinois,  1866 
to  1890,  Meek  and  Worthen 's  name,  Cincinnati  group  or  Cincin- 
nati shales,  has  been  employed  for  the  beds  which  are  equivalent 
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to  the  Maquoketa  shales  of  Iowa.  The  term,  Maquoketa  shales, 
was  used  by  White  in  his  report  on  the  Geology  of  Iowa,  1870,  on 
the  assumption  that  the  beds,  as  developed  in  Iowa,  represented 
only  some  ** particular  epochal  subdivision"  of  the  Cincinnati 
group  of  Meek  and  Worthen.  That  the  formation  under  con- 
sideration is  not  the  exact  equivalent  of  the  ** Cincinnati  group" 
or  of  the  *' Hudson-River  group",  as  these  are  known  farther 
east,  becomes  apparent  when  the  numerous  local  variations  and 
peculiarities  of  this  most  erratic  assemblage  of  geological  strata 
are  studied  in  the  field.  Furthermore,  it  is  not  possible  to  cor- 
relate the  Maquoketa  of  Iowa,  or  the  corresponding  beds  in 
states  adjacent,  with  any  particular  subdivision  of  the  upper 
member  of  the  Ordovician  system,  which  may  be  recognized  in 
the  type  localities  of  Ohio  or  New  York.  More  than  that  even,  it 
is  not  possible  in  Iowa  to  correlate  the  horizons  of  the  Maquoketa 
as  seen  in  one  locality  with  those  of  some  other  locality  only  a 
few  scores  of  miles  away.  The  Ctenodonta  and  Orthoceras  beds 
of  Dubuque  county,  for  example,  have  no  equivalents,  either 
lithologically  or  faunally,  in  Fayette  and  Winneshiek.  On  the 
other  hand  the  Isotelus  beds  near  Elgin  possess  peculiarities 
that  are  not  exactly  duplicated,  even  at  the  same  stratigraphic 
horizon,  outside  of  a  radius  of  a  few  miles,  while  the  heavy  beds 
of  dolomite  at  Clermont  in  Fayette  county  (Iowa  Geol.  Surv., 
Vol.  XV,  p.  476,  Fig.  41)  or  at  Fort  Atkinson  in  Winneshiek 
county  (Fig.  12)  have  no  representative  in  the  type  region  for 
the  Maquoketa  about  Graf.  Not  a  single  feature  of  the  lower 
half  of  the  formation  as  it  is  seen  in  Dubuque  county  is  repeated, 
even  approximately,  in  Fayette  and  Winneshiek.  At  what  would 
seem  to  be  the  same  stratigraphic  horizon  the  beds  are  lithologic- 
ally and  biologically  so  diif erent  that  it  is  impossible  to  say  that 
they  were  contemporaneous  in  age  or  that  one  in  any  way  repre- 
sents the  other.  Since,  therefore,  it  is  not  possible,  within  the 
limits  of  a  single  state,  to  correlate  the  Maquoketa  horizons  of 
diiferent  but  not  very  widely  separated  localities,  it  would  seem 
useless  to  attempt  correlations  between  the  formation  in  Iowa 
and  any  part  or  parts  of  an  assumed  stratigraphic  equivalent  in 
Ohio  or  New  York. 
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A  local  name  is  needed  for  the  peculiar  assemblage  of  beds 
lying  between  the  Galena  an4  the  Niagara  limestones,  a  name 
that  is  non-committal  concerning  eastern  equivalents,  and  the 
term  Maquoketa,  which  has  been  in  use  since  1870,  may  be 
allowed  to  stand  for  the  latest  sediments  of  the  Ordovician  sys- 
tem in  the  region  bordering  the  Mississippi  river. 

So  long  as  the  conception  of  the  formation  under  discussion 
was  based  on  the  characteristics  displayed  at  the  type  locality 
along  the  Little  Maquoketa  river  in  Dubuque  county,  the  name 
*' Maquoketa  shales"  possessed  no  element  of  incongruity;  but 
studies  in  Fayette  and  Winneshiek  counties  have  shown  some 
seventy  feet  of  limestone  and  dolomites — some  shaly,  some  of 
average  purity  and  induration — ^making  up  the  basal  portion  of 
the  formation*.  Separated  from  the  basal  calcareous  beds  by 
ten  to  fifteen  feet  of  bluish  plastic  shales  there  are  heavy  beds 
of  dolomite  aggregating  forty  feet  in  thickness,  which  furnish  a 
fair  quality  of  building  stone  and  are  quite  extensively  quarried 
(Fig.  12).  In  view  of  the  prevalence  of  limestones  and  dolomites 
in  the  lower  and  middle  portions  of  the  formation  the  lithological 
part  of  the  old  name  is  no  longer  appropriate,  and  the  less 
restrictive  term,  '* Maquoketa  beds",  is  here  employed. 

In  the  matter  of  distribution  in  Winneshiek  county  it  may  be 
said  that,  with  the  exception  of  two  or  three  square  miles  in  the 
southeastern  comer  of  Fremont  township,  the  sediments  of  the 
Maquoketa  stage  are  all  found  in  a  large,  irregular  area  south 
and  southwest  of  the  Upper  Iowa  or  Oneota  river.  The  general 
trend  of  the  line  of  contact  with  the  Galena  limestone  is  nearly 
parallel  with  the  stream  and,  in  the  northwestern  part  of  the 
county,  is  separated  from  the  stream  by  only  a  few  miles  at  most. 
The  distance  increases  toward  the  east,  and  on  the  Allamakee 
county  line  the  northern  edge  of  the  Maquoketa  area  is  more 
than  six  miles  south  of  the  river.  Excepting  the  very  small  area 
of  Galena  in  section  13  of  Bloomfield  township,  the  Maquoketa 
is  spread  continuously  over  the  four  southeastern  townships 
south  of  a  line  passing  through  the  northern  part  of  Springfield 

*Payette  county  offers  more  satisfactory  exposures  of  the  northern  phases 
of  the  Maquoketa  than  any  other,  and  for  a  full  detailed  description  of  this  for- 
mation as  it  occurs  in  Fayette  the  reader  is  referred  to  the  report  of  Savasre* 
Geology  of  Fayette  County,  Iowa  Geoioirical  Survey,  vol.  XV,  pp.  463  to  486. 
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and  Frankville.  The  Cresco-Calmar  ridge  is  capped  with  a 
narrow  tongue  of  overlapping  Devonian,  but  between  the  crest 
of  the  ridge  and  the  Upper  Iowa  the  Maquoketa  extends  in  a 
broad  belt  having  an  average  width  of  about  four  miles.  Nearly 
aU  of  Washington  township  has  some  phase  of  the  Maquoketa 
for  Ihe  bed  rock  immediately  beneath  the  mantle  of  loose  mater- 
ials which  constitute  the  soils.  Some  small  outliers  of  Niagara 
break  up  the  continuity  of  the  Maquoketa  area  in  the  south- 
eastern part  of  the  township,  while  over  a  few  square  miles  in 
the  southwest  the  formation  in  question  is  overlain  unconf orm- 
ably  by  the  Devonian.  The  Maquoketa  extends  up  the  broad 
valley  of  the  Turkey  river  to  a  point  about  on  the  line  between 
Winneshiek  and  Howard.  The  area  thus  covered  is  larger  than 
that  over  which  the  Galena  limestone  is  distributed,  and  these 
two  formations  together  form  the  bed  rock  over  much  the  greater 
part  of  the  county. 

It  is  not  easy  to  describe  the  lithological  characters  of  the 
Maquoketa  in  Winneshiek  county  for  the  reason  that  it  varies 
greatly  in  this  respect  at  different  horizons,  and  beds  holding 
the  same  stratigraphic  position  may  take  on  quite  different 
characteristics  in  passing  from  one  locality  to  another.  There 
are,  however,  but  very  few  good  sections  of  the  Maquoketa  in 
Winneshiek  county,  and  a  very  large  proportion  of  the  expos- 
ures that  are  available  for  study  are  singularly  barren  in  the 
matter  of  fossils.  By  reference  to  the  excellent  general  section 
given  by  Savage  on  pages  484-486  of  Volume  XV  of  these 
reports,  and  based  on  studies  made  in  Fayette  county,  it  will  be 
seen  that  the  formation  in  this  northern  part  of  the  state  is 
naturally  divided  into  four  members  as  follows : 

4  Brainard  Shales. — Blue  and  bluish-gray  shale,  with  some 
intimately  associated  beds  of  limestone  at  the  top  and  bottom  of 
the  division.  Includes  numbers  11-13  of  the  General  Section. 
It  is  proposed  to  designate  this  member  by  the  name  of  the  small 
railway  station  in  Fayette  county  near  to  which  it  has  its  most 
typical  development.    Thickness  about  120  feet. 
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3  Fort  Atkinson  Limestone. — Massive,  yellow,  cherty  dolo- 
mite and  associated  beds  of  limestone.  Numbers  7-10  of  Savage's 
section.  The  corresponding  beds  are  well  developed  in  Winne- 
shiek county,  the  best  exposures  occurring  at  Fort  Atkinson 
(Fig.  12).    Thickness  forty  feet. 

2  Clermont  Shale. — Bluish  colored,  plastic,  fine  grained  shale, 
well  developed  below  the  Fort  Atkinson  limestone  at  Clermont 
in  Fayette  county,  where  it  has  been  extensively  used  in  the 
manufacture  of  brick  and  tile.  Number  6.  Thickness  fifteen  feet. 

1  Elgin  Shaly  Limestones. — Limestones,  dolomites  and  shaly 
limestones  with  beds  of  calcareous  shales  and  thin  partings  of 
Wuish,  less  calcareous  clays;  quite  variable  in  character  and 
fossil  contents,  but  generally  yellowish,  decidedly  calcareous  and 
more  indurated  than  the  blue,  plastic  shales  of  2  and  4.  Includes 
numbers  1-5  of  the  section  by  Savage.  Near  Elgin  the  Isoteius 
beds  at  the  base  of  this  member  are  largely  blue,  hard,  fine 
grained  limestone.    Thickness  of  entire  member  seventy  feet. 

Near  Elgin  the  lower  fifteen  or  twenty  feet  of  the  Maquoketa 
is  composed  of  rather  hard,  bluish  or  drab  colored,  calcareous 
beds,  some  of  which  would  rank  as  a  fairly  pure  limestone  and 
others  as  a  very  calcareous  shale  or  shaly  limestone.  The  more 
indurated  layers  are  separated  by  partings  of  dark  colored  shale, 
and  some  of  the  partings  are  rich  in  the  small  linguloid  species, 
Leptobolus  occidentalis  Hall.  Most  of  the  indurated  beds  are 
crowded  with  pygidia  and  other  parts  of  the  dismembered  skele- 
tons of  Isoteius  maximus  Locke,  the  form  described  by  Owen  as 
Asaphus  {L'ot(''Ius)  ioivtinsis.  The  corresponding  beds  are 
exposed  at  many  localities  in  Winneshiek  county.  They  are 
everywhere,  however,  yellow  in  color,  much  softer  and  more 
argillaceous  than  in  Fayette,  and  the  more  indurated  layers  are 
separated  by  yellow,  marly,  non-plastic  shale.  As  in  Fayette 
county  the  beds  are  cut  by  two  systems  of  joints  which  intersect 
at  oblique  angles,  and  the  harder  layers  may  be  taken  out  in 
large,  even  surfaced  slabs  ranging  from  two  to  six  inches  in 


MAQUOKETA    BEDS.  W 

thickness.  Figure  11  shows  the  characteristic  appearance  of 
these  beds  as  they  are  seen  in  a  roadside  gully  one-half  mile 
east  of  Nordness,  near  the  southeast  comer  of  the  northwest 
quarter  of  section  11,  Springfield  township.  The  base  of  the 
view  is  not  more  than  three  or  four  feet  above  the  top  of  the 
Galena,  which  last  is  well  exposed  in  a  large  quarry  at  Nordness 
and  appears  along  or  near  the  road  almost  continuously  between 
the  village  and  the  exposure  illustrated  by  the  view.    Fossils  of 


Fis:- 11— Exposure  of  Isotelus  beds.  Maquoketa  sta(?e,  one-half  mile  east  of  Nordness. 


any  kind  are  rather  rare  in  the  beds  here  exposed.  There  are 
some  imperfect  impressions  of  a  small  Lingula  resembling  L. 
riciniformis  Hall,  and  an  occasional  glabella  or  pygidium  of 
Isotelus  maximus.  One  fairly  perfect  specimen  of  this  last 
species  was  found  here,  but  on  the  whole  the  scarcity  of  the 
remains  of  this  trilobite  is  in  striking  contrast  with  their 
remarkable  profusion  at  the  same  horizon  around  Elgin.  A 
section  forty  feet  in  thickness  may  be  studied  here,  and  the  great 


100  MAQUOKETA   BEDS. 

horizontal  range  of  the  exposure,  together  with  the  very  large 
number  of  loose  slabs  and  fragments,  afford  miusual  facilities 
for  observing  the  fossil  contents,  provided  there  were  any;  but 
with  the  exception  of  the  rare  occurences  above  noted,  the 
whole  deposit  here  is  remarkably  barren.  All  the  beds,  whether 
belonging  to  the  Isotelus  horizon  or  lying  above  it,  present  the 
same  yellow  color;  all,  even  the  more  shaly  portions,  are  deci- 
dedly calcareous. 

The  Isotelus  beds  are  seen  at  many  points  along  the  border 
line  between  the  Maquoketa  and  Galena  areas;  at  all  the  out- 
crops the  same  yellow  color  prevails;  everywhere  there  is  the 
same  alternation  of  indurated  beds  with  soft  marly  shale;  the 
same  clean  cut  joints  divide  the  deposit  into  rhombic  blocks.  In 
the  southwest  quarter  of  the  northwest  quarter  of  section  9, 
Madison  township,  there  is  an  outcrop  of  the  Isotelus  beds  which 
split  readily  into  thin  laminae  and  disclose  numerous  impres- 
sions of  graptolites  associated  with  Lingula  riciniformis  Hall, 
and  detached  plates  from  the  armor  of  Isotelus  maximus.  Some 
of  the  beds  furnish  great  numbers  of  Leptobolus  occidentalis 
Hall,  a  form  which  is  very  abundant  in  some  of  the  dark,  slaty, 
carbonaceous  shales  at  the  type  localities  near  Graf  in  Dubuque 
county.  The  graptolites  are  biserial,  belonging  to  the  genus 
Diplograptus,  and  may  be  referable  to  the  species  D.  peosta 
Hall,  but  they  are  too  imperfectly  preserved  for  exact  deter- 
mination. This  is  one  of  the  most  satisfactory  exposures  of  the 
Isotelus  beds  in  the  county.  The  specimens  of  Lingula,  the 
numerous  graptolites,  and  the  great  numbers  of  Leptobolus 
recall  some  of  the  features  of  the  section  at  Graf,  but  the  litho- 
logical  characters  are  very  different,  and  the  presence  of  Iso- 
telus introduces  a  feature  wholly  unknown  at  this  horizon  in 
Dubuque  county. 

Near  the  northwest  corner  of  section  20,  Bluffton  township, 
the  Isotelus  horizon  is  again  exposed,  but  no  specimens  of  the 
trilobite  were  found ;  Lingula  is  more  common  here  than  at  the 
other  exposures  mentioned;  graptolites  are  also  present;  there 
are  many  specimens  of  Conularia  trentonensis  Hall;  and  there 
is  at  least  one  species  of  Orthoceras.  An  outcrop  of  the  Isotelus 
beds,  which  is  typical  of  many  others  throughout  the  county, 
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occurs  in  the  bank  of  an  intermittent  creek  near  the  center  of 
the  northwest  quarter  of  section  18,  Springfield  township.  At 
this  point  the  yellow  calcareous  rock  has  been  quarried  in  a 
small  way,  and  quite  an  amount  of  it  was  piled  up  near  the 
breast  of  the  opening.  The  rock  comes  out  in  slabs  three  to  four 
inches  in  thickness.  The  intersecting  joints  are  the  same  as 
elsewhere  at  this  horizon.  The  stratigraphic  position  and  the 
lithologic  features  leave  no  doubt  that  these  beds  belong  to  the 
Isotelus  zone,  but  the  most  careful  search  failed  to  reveal  a 
single  fossil  of  any  kind.  , 

Beds  practically  barren  of  fossils,  but  lying  at  the  strati- 
graphic  level  of  the  Isotelus  zone,  as  determined  by  the  lithologic 
characters  and  the  near  by  outcrops  of  the  upper  surface  of  the 
Galena  limestone,  occur  in  the  bed  of  a  small  creek  in  the  south- 
east quarter  of  section  25,  Madison;  in  the  northeast  quarter  of 
section  18,  Springfield ;  and  in  the  northwest  quarter  of  section 
15,  Frankville.  About  the  middle  of  the  line  between  sections 
11  and  12,  Bloomfield  township,  there  is  a  good  outcrop  of  the 
Isotelus  zone  with  some  of  the  overlying  beds,  and  there  is 
another  south  of  the  bridge  over  the  Yellow  river  in  the  north- 
east quarter  of  section  13,  but  the  absence  of  fossils  is  one  of  the 
most  striking  characteristics.  The  upper  surface  of  the  Galena 
is  exposed  at  the  south  end  of  the  bridge,  and  the  contact  with 
the  Maquoketa  occurs  only  a  few  yards  farther  south.  For  eight 
or  ten  feet  above  the  contact  the  Maquoketa  is  a  soft,  yellow, 
marly  shale,  but  this  is  followed  by  the  typical  indurated  and 
jointed  layers  of  the  Isotelus  zone. 

The  cases  noted  in  the  foregoing  paragraphs  are  sufficient  to 
show  the  general  features  possessed  by  the  Maquoketa  of  Win- 
neshiek county  in  the  zone  which  includes  the  first  twenty  feet 
above  its  contact  with  the  Galena.  This  part  of  the  formation 
is  fairly  uniform  throughout  the  county  so  far  as  color  and 
lithology  are  concerned;  but  there  are  marked  variations  in  the 
f aimal  characteristics ;  in  certain  localities  there  are  no  records 
of  life;  elsewhere  the  beds  are  fossiliferous,  but  at  the  best 
fossils  are  never  abundant,  and  the  list  of  species  from  one  out- 
crop may  not  be  the  same  as  that  from  any  of  the  others.  When 
comparison  is  made  with  the  Isotelus  zone  as  it  is  developed 
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near  Elgin  in  Fayette  comity,  the  differences  are  strikingly 
great;  when  the  comparison  is  extended  to  the  corresponding 
beds  in  Dubuque  county,  it  is  almost  impossible  to  find  any 
resemblances  whatever.  Diplograptus,  Leptobolus  and  Lingula 
embrace  about  the  only  life  forms  common  to  the  Dubuque  and 
Winneshiek  outcrops  of  this  basal  part  of  the  Maquoketa ;  litho- 
logically  these  beds  in  the  two  coimties  named  could  scarcely 
present  more  decided  differences. 

Throughout  the  greater  part  of  the  area  in  which  the  Maquo- 
keta is  distributed  the  beds  of  the  Elgin  formation  that  lie  above 
the  Isotelus  zone,  are  soft,  yellow,  marly  shales  interbedded  with 
harder  layers  which,  in  some  instances,  are  firm  enough  to  rank 
as  limestones  or  dolomites.  Over  entire  townships  there  may  be 
scarcely  a  trace  of  a  fossil  except  occasional  impressions  of 
Plectambonites  sericea  Sowerby.  This  barren  phase  is  particu- 
larly marked  in  Madison  and  adjacent  townships.  Unf ossilifer- 
ous  beds  of  this  horizon,  aggregating  twenty  to  forty  feet  in 
thickness,  may  be  seen  in  disconnected  outcrops  on  many  of  the 
hill  slopes  in  Madison  township.  A  good  example  occurs  on  the 
line  joining  the  centers  of  sections  5  and  8.  Another,  but  less 
satisfactory,  occurs  on  the  road  passing  south  from  the  middle 
of  the  north  line  of  section  26.  Others  may  be  seen  in  sections 
13,  21  and  35.  The  most  remarkable  exposures  of  this  horizon 
of  the  Maquoketa  are  found  along  the  southern  edge  of  section 
7  and  in  parts  of  the  adjacent  section  18.  Here  are  curious 
hills  and  knobs  of  uneroded  Maquoketa,  more  than  100  feet  in 
hight,  facing  the  broad,  I'at  bottomed  valley  of  Ten  Milo  crook, 
and  rising  well  above  the  level  of  the  ^urroimding  uplands.  The 
tops  of  the  knobs  are  rounded  and  sodded  over,  but  a  continuous 
section  more  than  thirty  feet  in  thickness  is  exposed  on  the  north 
side  of  the  road  passing  between  the  two  sections  named.  The 
whole  deposit  here  is  yellow,  calcareous  shale  or  a  partly  dolo- 
mitic  shaly  limestone.  Plectambonites  sericea  occurs  very  spar- 
ingly and  was  the  only  fossil  recognized.  A  short  distance  west, 
near  the  northwest  comer  of  section  13,  Lincoln  township,  the 
same  yellow,  granular,  shaly  limestones  and  marly  shales 
appear,  but  fossils  are  now,  individually  at  least,  much  more 
numerous  and  include  such  common  forms  as  Plectambonites 


MAQUOKETA   BEDS.  103 

^ericea  and  Orthis  testvdinaria  with  occasional  individuals  of  a 
small  variety  of  Orthis  {Platystrophia)  biforata.  Passing 
toward  the  northwest  from  the  point  last  noted,  in  the  direction 
of  the  strike,  there  is  encountered,  near  the  southeast  corner  of 
section  17,  Orleans  township,  an  outcrop  of  Maquoketa  which 
shows  a  wide  departure  from  the  ordinary  phase  of  the  Elgin 
formation.  The  beds  here  are  a  non-magnesian,  crinoidal  lime- 
stone, but  some  of  the  thin  layers  are  crowded  with  well  pre- 
served shells  of  Plectambonites  sericea.  There  are  also  some 
branching  monticuliporoids  and  an  occasional  pygidimn  of  Iso- 
telus.  An  outcrop  similar  to  the  one  just  noted  occurs  on  the  east 
side  of  the  road  between  Winneshiek  and  Howard  counties,  near 
the  middle  of  the  west  line  of  section  30,  in  Fremont  township. 
This  was  described  in  the  report  on  Howard  county,  Volmne 
XTIT,  pages  48  and  49.  The  deposit,  as  in  the  preceding  case, 
is  non-magnesian,  largely  crinoidal,  but  some  of  the  layers  carry 
fossils  of  types  found  near  Lebanon  and  Morrow,  Ohio.  The 
large,  well  marked  forms  of  Rafinesquina  alternata  Conrad, 
together  with  the  variety  nasuta,  occur  here,  and  there  are  also 
typical  individuals  of  Rhynchotrema  capax.  The  universal 
Ordovician  species,  Plectambonites  sericea  and  Orthis  testu- 
dinaria,  are  also  represented.  The  crinoidal  remains  are  not  per- 
fect enough  for  identification.  In  the  report  on  Howard  county 
this  exposure  was  regarded  as  belonging  to  ^Hhe  very  upper- 
most beds  of  the  Maquoketa.''  They  are,  in  fact,  the  uppermost 
for  this  locality,  for  only  a  few  rods  to  the  south  they  pass 
beneath  beds  of  Devonian  age.  Their  real  position,  however,  is 
below  the  middle  of  the  Maquoketa.  The  enormous  erosion  and 
the  consequent  length  of  the  great  time  gap  representd  by  the 
unconformity  between  the  Ordovician  and  the  Devonian  in  this 
part  of  Iowa,  are  very  much  greater  than  was  realized  when  the- 
Howard  county  report  was  written. 

So  far  as  relates  to  Winneshiek  county,  the  besl  exposures  of 
the  upper  part  of  the  Elgin  substage  occur  near  Fort  Atkinson. 
East  of  the  bridge  over  Rogers  creek,  at  the  south  end  of  Tenth 
avenue,  there  is  a  good  section  of  yellow  shales  and  shaly  lime- 
stones overlain  by  gray,  drab  or  bluish  shales  of  the  Clermont 
substage.     The  harder  limestone  beds  here  contain  large  and 
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small  forms  of  Rafinesquina  alternata  and  occasional  specimens 
of  Strophomena  planumbona,  Orthis  testudinaria,  0.  subquad- 
rata,  0.  whitfieldi  and  Hormotoma  gracilis.  A  single  example 
of  an  Orthoceras,  three  inches  in  diameter,  was  observed,  and 
fragmentary  remains  of  Isotelus  gigas  were  noted.  South  of  the 
bridge  over  the  same  creek  east  of  the  town,  there  are  layers 
with  large  and  beautifully  preserved  individuals  of  Rafines- 
quina alternata  indistinguishable  from  the  robust  forms  found  in 
the  Cincinnati  shales  of  Ohio  and  Indiana.  In  addition  to  the 
species  named  the  ubiquitous  Plectambonites  sericca  and  Orthis 
testudinaria  are  present,  together  with  a  few  individuals  of 
Orthis  insculpta.  Near  the  lerel  of  the  water  there  are  beds  of 
hard,  blue  limestone ;  one  layer  about  three  feet  above  the  bas(j 
of  the  low  cliff  is  charged  with  fragmentary  remains  of  a  trilo 
bite  which  seems  to  be  referable  to  Nile  us  vigilans.  Stem  seg- 
ments of  crinoids  are  common,  and  mingled  with  them  are  some 
plates  of  cystids.  All  the  fossils,  except  occasional  brachiopods, 
are  too  imperfect  for  specific  identification.  Mud  cracks  on 
some  of  the  layers,  the  comminuted  condition  of  most  of  the 
fossils  and  a  certain  irregularity  in  the  bedding  would  indicate 
that  the  formation  at  this  point  represents  an  old  beach  deposit. 
One  mile  east  of  Fort  Atkinson,  above  and  below  the  bridge 
crossing  the  river  in  the  northern  part  of  section  16,  Washington 
township,  there  are  other  good  exposures  of  the  Elgin  phase  of 
the  Maquoketa.  The  horizon  is  lower  than  that  seen  on  Rogers 
creek ;  the  beds  are  harder ;  some  of  the  ledges  are  twelve  inches 
in  thickness.  Fossils  are  rare  or  entirely  absent  in  the  lower 
part  of  the  section.  The  rock  is  partly  dolomitic,  but  it  is  not 
homogeneous ;  the  bedding  surfaces  are  very  irregular,  nodular, 
knobby  and  uneven;  the  prevailing  color,  as  usual,  is  yellow; 
thin  shaly  bands  are  interstratified  with  the  hard(»r  layers.  The 
Nileus  layer,  with  the  armor  of  the  trilobite  reduced  to  small 
fragments,  occurs  on  the  hillside  east  of  the  bridge,  about  thirty 
feet  above  the  level  of  the  stream.  The  Elgin  ])eds  crop 
out  at  intervals  in  the  valley  of  the  Turkey  river  all  the  way 
from  Fort  Atkinson  to  the  Howard  count}^  line.  They  appear 
on  both  sides  of  the  narrow  tongue  of  Devonian  which  caps  the 
Cresco-Calmar  ridge. 
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The  Clermont  shale  is  not  well  exposed  in  Winneshiek  county. 
The  lower  part  of  it  is  seen  overlying  the  Elgin  beds  along 
Rogers  creek  near  Fort  Atkinson.  It  comes  to  the  surface  in 
the  valley  of  a  small  creek,  less  than  one-fourth  mile  north  of 
the  center  of  section  15,  Washington  township.  Its  whole  thick- 
ness of  twenty  feet  is  exposed,  though  imperfectly,  along  the 
road  in  the  northeast  quarter  of  the  southwest  quarter  of  sec- 
tion 4  of  the  same  township.  It  is  seen  at  a  number  of  points  in 
the  southern  part  of  the  township,  one  of  the  best  exposures 
occurring  in  the  eastern  part  of  section  28.  The  shale  is  indicated 
by  springs  and  gentle  slopes,  as  well  as  demonstrated  by  actual 
outcrops,  along  the  roads  and  in  the  stream  valleys  in  section  1 
of  Jackson  township  and  sections  19,  30  and  31  of  Calmar.  In 
the  banks  and  beds  of  the  streams  which  traverse  the  southern 
sections,  31  to  35,  of  Military  township,  the  blue,  plastic  Cler- 
mont shale  is  seen  in  small  outcrops  at  a  great  many  points.  It 
is  usually  the  upper  part  of  the  formation  that  is  here  exposed, 
a  thickness  of  a  few  feet  only  appearing  from  beneath  the  pro- 
tective covering  of  hard  dolomite  belonging  to  the  Fort  Atkin- 
son limestone.  It  is  only  in  proximity  to  the  scarps  formed  by 
the  underlying  Elgin  beds,  or  the  overlying  Fort  Atkinson,  that 
the  Clermont  shale  appears  in  natural  exposures.  On  the  inter- 
vening slopes  the  shale  is  soon  concealed  by  the  mantle  of  waste. 
As  a  concrete  illustration,  typical  of  many  others  in  the  southern 
part  of  Military  township,  the  exposure  near  the  center  of  the 
southwest  quarter  of  section  33  may  be  cited.  Facing  a  ravine 
at  this  point  there  is  a  steep  scarp  due  to  the  Fort  Atkinson  lime- 
stone, and  at  the  foot  of  the  scarp,  and,  for  a  short  distance,  in 
the  bottom  of  th?  ravine,  the  blue  Clermont  shale  is  exposed. 
Crumbled  by  exposure  to  the  weather  and  continually  moistened 
by  escaping  spring  water,  it  is  reduced  on  the  surface  to  a  soft, 
slippery,  plastic  clay.  The  overlying  Fort  Atkinson,  as  at  a  num- 
ber of  other  points  in  this  and  adjacent  sections,  is  quarried  for 
building  stone.  '  In  Winneshiek  county  no  fossils  were  found  in 
the  Clermont  shale,  a  fact  probably  due  to  the  lack  of  thorough 
and  svstematic  search.    In  Clavton  and  Favette  a  number  of  the 
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commo.i  sp_cies  having  a  wide  geographic  range  in  the  upper 
part  of  the  Ordovician  system,  are  found  at  this  horizon.  The 
shale  is  not  developed  economically  at  any  point  in  Winneshiek. 

The  Fort  Atkinson  limestone  overlies  the  Clermont  shale.  It 
is  composed  of  magnesian  beds  varying  in  thickness  from  two  or 
three  inches  to  three  feet  or  more.  Nodules  of  chert  disposed  in 
more  or  less  regular  bands  are  common,  and  in  some  cases,  as  at 
the  quarry  three-fourths  of  a  mile  southwest  of  Ossian,  the  chert 
may  form  thin  continuous  layers  extending  from  side  to  side  of 
the  exposure.  The  thickness  is  forty  feet,  and  the  rock  is  firm 
enough  and  thick  enough  in  some  of  its  layers  to  be  used  for 
massive  permanent  masonry.  There  is  nothing  in  the  typical 
Maquoketa  section  near  Graf  and  Lattners  in  Dubuque  county  to 
correspond  in  any  way  to  this  hard  crystalline  dolomite.  Its 
presence  in  the  midst  of  a  formation  that  only  a  short  distance 
toward  the  south  is  made  up  wholly  of  shale,  has  led  to  errors 
of  correlation  on  the  part  of  a  number  of  geologists.  In  Hall's 
Report  on  the  Geology  of  Iowa,  page  314,  Whitney  correlates  the 
limestone  at  Fort  Atkinson  with  the  Galena  and  says  that  ''It 
possesses  all  the  characteristics  of  this  rock  as  exhibited  in  the 
lead  region;  its  color  is  the  same  and  it  weathers  in  the  same 
irregular,  ragged  manner.''  On  page  80  of  the  report  on 
Allamakee  county,  published  in  volume  IV  of  the  present  series 
of  reports,  the  writer  was  led  into  the  same  error  and  correlated 
the  buff,  dolomitic  Fort  Atkinson  limestone  with  the  Galena  near 
Dubuque.  All  the  statements  in  the  Allamakee  county  report 
relating  to  the  Galena  limestone,  need  modification  to  bring  them 
into  harmony  with  present  knowledge  of  the  structure  of  the 
Galena  and  Maquoketa  formations.  On  pages  324  and  385  of  the 
Eleventh  Annual  Report  of  the  United  States  Geological  Survey, 
in  his  memoir  on  The  Pleistocene  History  of  Northeastern  Iowa, . 
McGee  evidently  correlates  the  massive  Fort  Atkinson  dolomite 
with  the  scarp-forming  Niagara  limestone. 

The  type  exposure  of  the  limestone  under  consideration  is  the 
quarry  west  of  the  old  fort  at  the  town  of  Fort  Atkinson  (Fig. 
12).  The  rock  is  a  buff  colored  granular  dolomite  resembling 
some  phases  of  the  Niagara  in  Delaware  county,  or  of  the  dolo- 
mitized  Galena  about  Dubuque.    As  shown  in  the  view,  there  are 
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from  twenty  to  thirty  feet  of  the  limestone  exposed  in  the 
quarry.  The  clean  cut  vertical  faces  of  the  quarry  are  due  to 
some  of  the  numerous  joints  which  cut  the  formation  vertically. 
Near  the  bottom  of  the  quarry  face  the  layers,  comparatively 
free  from  chert,  range  from  two  to  four  feet  in  thickness ;  near 
the  top  the  thickness  varies  from  two  to  four  inches.  Chert  is 
more  abundant  in  the  middle  and  toward  the  upper  part  of  the 


Fisr.  12~Quarry  in  the  Fort  Atkinson  limestone,  at  the  town  of  Fort  Atkinson,  a  few 
rods  west  of  the  old  fort. 

quarry.  Fossils  are  not  very  plentiful ;  the  most  common  species 
are  Rafinesquina  alternata,  Plectambonites  sericea  and  Rhyn- 
chotrema  capax,  Orthis  inscvlpta  occurs,  but  very  sparingly. 
At  a  quarry  in  this  limestone,  near  the  center  of  the  southwest 
quarter  of  section  33,  Military  township,  the  beds  in  the  lower 
part  of  the  working  are  from  six  to  ten  inches  thick,  bluish  in 
the  center  and  buff  colored  toward  the  bedding  surfaces.    In 
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the  upper  part  of  the  quarry  the  layers  are  thin  and  cherty.  The 
fossils  include  Rafinesquina  alternata,  Orthis  testudinaria,  0. 
insculpta,  0.  plicatella,  0.  suhquadrata,  a  small  Orthoceras  like 
0.  sociale,  and  a  large,  Orthoceras  unnamed.  There  are  many 
exposures  of  the  Fort  Atkinson  limestone  in  the  southern  sec- 
tions of  Military  township  and  along  the  streams  flowing  down 
the  slope  from  the  Cresco-Calmar  ridge.  The  profile  of  the  sur- 
face on  this  slope  coincides  very  nearly  with  the  southward  dip 
of  the  strata.  A  quarry  is  worked  in  the  northern  part  of  sec- 
tion 15,  about  three-fourths  of  a  mile  southwest  of  Ossian.  The 
beds  here  are  composed  of  coarse  dolomite  with  more  than  the 
usual  amount  of  chert.  A  thickness  of  fifteen  feet  is  exposed. 
A  solid  band  of  chert,  four  inches  thick,  rims  through  the  quarry 
about  ten  feet  from  the  base.  Among  the  fossils  are  many  stem 
segments  of  crinoids  with  some  body  plates  of  Glyptocrinus, 
Lingula  ioivensis,  Rafinesquina  alternata,  Orthis  insculpta,  0. 
testudinaria,  Rhynchotrema  capar,  a  large  annulated  Orthoceras 
and  a  pygidium  of  Calymene.  There  are  other  exposures  of  the 
Fort  Atkinson  in  section  8  of  Military  township,  some  of  which 
have  been  quarried  on  a  small  scale.  The  Fort  Atkinson  is  seen 
at  a  number  of  small  outcrops  on  the  northeastern  slope  of  the 
ridge,  notably  at  some  quarries  in  the  northwest  quarter  of  the 
northwest  quarter  of  section  5,  Bloomfield  township.  Quite  an 
amount  of  fairly  good  building  stone  has  been  taken  out  at  this 
point.  The  organic  remains  are  rather  fragmentary,  but  it  is 
possible  to  recognize  the  body  plates  of  Glyptocrinus,  the  shells 
of  Rafinesquina  alternata,  Plectambonites  sericea,  Orthis 
insculpta,  0.  suhquadrata,  Rhynchotrema  capa:i\  and  R,  perla- 
mellosa,  together  with  parts  of  the  armor  of  a  large  Isotehis 
gigas.  On  the  whole,  however,  the  Fort  Atkinson  limestone  is 
found  to  become  softer  and  to  undergo  decomposition  more 
readily  as  it  is  traced  northward  and  eastward  from  its  typical 
exposures  near  Fort  Atkinson. 

The  Brainard  shale  is  present  at  only  a  few  points  in  Winne- 
shiek county.  At  Patterson's  Spring  and  other  of  the  type  local- 
ities near  Brainard  in  Fayette  county,  this  shale  and  associnto;! 
beds  attain  an  aggregate  thickness  of  fully  100  feet.  At  no  point 
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in  Winneshiek  county,  so  far  as  observed,  does  its  exposed  thick- 
ness exceed  ten.  or  fifteen  feet.  One  of  the  best  of  the  natural 
outcrops  noted  occurs  along  the  roadway  in  the  southeast  quarter 
of  the  southeast  quarter  of  section  1,  Jackson  township.  The 
shale  here  lies  between  two  dolomites,  the  Fort  Atkinson  lime- 
stone below,  and  the  Devonian  limestone  above.  Throughout 
the  western  part  of  the  coimty  the  Maquoketa  is  overlain  uncon- 
formably  by  beds  belonging  to  the  Wapsipinicon  stage  of  the 
Devonian.  The  unconformity  is  one  of  overlap  due  to  the  trans- 
gression of  the  Devonian  sea  upon  an  extensively  eroded  sur- 
face. During  the  interval  of  erosion  the  upper  part  of  the 
Maquoketa  was  cut  away  to  such  an  extent  that  in  some  places 
the  overlapping  Devonian  rests  on  beds  belonging  to  the  middle 
of  the  Elgin  substage ;  in  other  places  it  rests  on  Fort  Atkinson 
limestone;  in  section  1  of  Jackson  township  there  are  ten  or 
fifteen  feet  of  Brainard  shale  between  the  Devonian  and  the  Fort 
Atkinson.  Near  the  southwest  corner  of  section  5,  Calmar  town- 
ship, this  shale  is  seen  between  the  same  two  limestones,  but  the 
thickness  is  reduced  to  three  or  four  feet.  It  occurs  in  the  same 
relations  to  the  limestones  near  the  middle  of  the  north  line  of 
section  33,  Lincoln  township.  It  is  quite  probable,  indeed  almost 
certain,  that  the  full  thickness  of  this  upper  shale  still  persists 
beneath  the  small  patches  of  Niagara  limestone  in  the  southeast- 
em  part  of  Washington  township,  but  no  outcrops  were  seen  on 
the  long  slopes  between  the  Fort  Atkinson  and  Niagara  lime- 
stones. In  general  it  is  represented  in  this  county  by  nothing 
more  than  a  few  scattered  remnants.  Normally  it  is  blue,  fine 
grained,  plastic,  unfossiliferous.  The  few  remnants  observed 
have  no  commercial  value,  but  large  bodies  of  it  might  easily 
be  opened  up  on  the  hill  sides  below  the  outliers  of  the  Niagara. 

SILURIAN     STSTEM.  , 
Niagara   Limestone. 

The  Niagara  limestone  is  represented  in  Winneshiek  by  a  few 
small  outliers  in  the  southern  and  southeastern  part  of  Wash- 
ington township,  all  of  which  may  be  referred  to  the  lower  or 
Hopkinton  stage  of  the  series.    A  prominent  knob  of  Niagara 
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(Fig.  13),  covering  less  than  forty  acres,  stands  out  prominently 
on  the  line  between  sections  22  and  23,  abont  three-fourths  of  a 
mile  west  of  Festina.  The  village  is  built  on  a  plaform  of  Fori. 
Atkinson  limestone.  A  long  slope  due  to  the  presence  of  the 
Brainard  shale  leads  toward  the  summit  of  the  knob,  and  at  a 
level  100  feet  above  the  level  of  the  platform  there  is  an  old 
quarry  which  has  been  worked  in  a  hard,  granular  dolomite 
identical  in  characteristics  with  some  phases  of  the  Niagara 
farther  south.    The  summit  of  the  outlier  rises  about  twentv  feet 


Piir  13 -Conical  knob,  the  most  northerly  ontlier  of  Niagrara  limestone  in  Iowa,  one 
mile  west  uf  Festina,  Washintrton  township 

above  the  top  of  the  quarry.  The  exact  plane  of  contact  with  the 
Maquoketa  could  not  be  made  out,  but  the  thickness  of  the 
Niagara  at  this  point  is  not  more  than  forty  feet.  No  fossils  were 
found,  a  fact  not  surprising,  however,  for  in  Dubuque,  Delaware 
and  other  counties  where  the  basal  part  of  the  Niagara  may  be 
studied,  the  lower  zone  is  practically  unf ossiliferous.  This  out- 
lier has  the  distinction  of  being  the  most  northerly  exposure  of 
the  Niagara  limestone  in  Iowa. 

The  largest  of  these  outliers  in  Washington  township  begins 
about  a  mile  south  of  Festina  and  occupies  portions  of  sections 
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25,  26,  35  and  36.  The  greatest  thickness  of  the  Niagara,  approx- 
imately 75  feet,  occurs  near  the  northeast  comer  of  section  35. 
The  road  in  the  northwest  quarter  of  section  35  angles  around  a 
very  characteristic  cliff  of  the  Niagara  limestone  (Fig.  14),  and 
a  bold  salient  of  this  limestone  (Fig.  15)  faces  the  valley  of  the 
Turkey  river  in  section  26.  This  larger  area  forms  a  flat  topped 
mesa  with  steeply  sloping  sides.  Its  outline  is  quite  irregular; 
its  total  area  does  not  much  t\\coed  a  single  square  mile.     A 
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Fie.  14— Cliff  of  Niaipara  limestone  north  of  center  of  section  35,  Washington  township 
Photo  by  Lees . 


ridge  capped  with  Niagara,  trending  northeast-southwest,  begins 
in  the  northeast  quarter  of  section  27  and  extends  to  a  point  east 
of  the  center  of  section  23.  A  very  symmetrical  conical  outlier, 
occupying  only  a  few  acres,  rises  from  the  level  of  the  valley  in 
the  southwest  quarter  of  section  35;  and  another,  which  forms 
an  elongated  butte  with  flat  top  and  steep  sides,  extends  obliquely 
across  the  line  between  sections  28  and  33.  This  last  is  the  only 
known  remnant  of  Niagara  in  this  county  on  the  west  side  of 
Turkey  river. 
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In  the  main  the  Niagara  here  is  a  cream  colored,  magnesian 
limestone ;  though  in  the  larger  area,  in  section  35,  there  is  a  bed 
of  soft,  yellow  dolomite,  ten  feet  in  thickness,  about  forty  feet 
from  the  top;  and  some  of  the  layers  in  the  old  quarry  at  the 
outlier  west  of  Festina,  are  composed  of  hard,  buff,  (crystalline 
dolomite  matching  the  best  type  of  this  limestone  in  the  counties 
of  Dubuque  and  Delaware.  At  the  cliff  in  the  northwest  quarter 
of  section  35  there  are  some  obscure  stromatoporoids  about  the 
middle  of  the  section,  and  an  imperfect  glabella  resembling  that 


Fi&r  15  -  Salient  of  Nia&rara  limeatone  facini?  the  valley  of  the  Turkey  river  in  the  south- 
west'quarter  of  8ection26,  Washinsrton  township. 


of  Illaenus  msignis,  was  found  in  the  upper  beds.  The  grounds 
on  which  these  outliers  are  referred  to  the  Niagara  are  chiefly 
lithologic  and  stratigraphic ;  but  the  evidence  from  these  two 
criteria  finds  strong  support  in  the  geographic  relations  of  the 
outliers  to  the  Niagara  of  Fayette  county,  which,  toward  the 
south,  is  continuous  with  the  great  Niagara  area,  and  toward  the 
north  is  found  to  diminish  rapidly  in  thickness  and  areal  dis- 
tribution. The  last  remnants  of  the  formation  in  Iowa,  toward 
the  northwest,  are  found  in  these  small  isolated  areas. 


WAISJPIMCON    AND   CEDAR    VALLEY   LIMESTONES.  IIS 

DEVONIAN    SYSTEM. 
Middle  Devonian  Series. 

WAPSIPINIJON    AND    CEDAR    VALLE/     LIMESTONES. 

Beds  belonging  in  part  to  the  Wapsipinicon  stage,  and  in  part 
to  the  Cedar  Valley  stage  of  the  Middle  Devonian  occur  in  the 
western  part  of  Winneshiek  county.  Owing  to  the  small  size  of 
the  individual  exposures  and  the  scarcity  of  fossils,  it  is  not  pos- 
sible to  separate  the  two  stages  with  any  degree  of  deliiiteness. 
The  area  occupied  by  the  deposits  of  the  Devonian  period 
includes  practically  all  of  Jackson  township,  the  greater  part  of 
Sumner,  and  portions  of  Lincoln,  Orleans  and  Fremont.  A  nar- 
row tongue  of  Devonian  enters  Winneshiek  from  Howard  county 
and  extends  as  a  capping  along  the  Cresco-Calmar  ridge  as  far 
as  Calmar.  As  noted  above  in  this  report,  the  Devonian 
lies  unconformably  upon  an  eroded  surface.  There  was  an 
eastward  transgression  of  the  Devonian  sea  after  the  begin- 
ning of  the  period,  and  our  territory  was  not  reached  till 
near  the  clo^  of  the  Wapsipinicon  sta^e.  The  earliest 
beds  of  the  Iowa  Devonian — the  Otis,  Independence  and 
Lower  Davenport — are  accordingly  missing  in  this  part  of 
Iowa,  and  the  beds  which  come  in  contact  with  the  Maquo- 
keta  belong  to  a  horizon  above  th3  Gyroceras  zone  at  Inde-^ 
pendence.  The  most  characteristic  fossils  of  the  lowermost 
strata  of  the  Devonian  in  Winneshiek  county  are  ProducteUa 
subalata  Hall,  and  Spirifer  pennatus  Owen.  A  small  Spirifer 
like  8,  subumbonus  Hall,  is  occasionally  found  near  the  line  of 
contact. 

The  exposures  of  the  Devonian  in  Winneshiek  county  are 
numerous,  but  the  formation  is  distributed  in  the  part  of  the 
area  covered  with  the  deepest  drift  and  is  seen  on  the  surface 
only  in  small,  isolated  patches.  L^nless  distinctive  fossils  are 
present,  the  correlation  of  one  outcrop  with  another  is  not 
always  possible.  Nearly  the  whole  formation,  as  it  appears  Id 
this  part  of  the  state,  is  a  soft,  yellow,  earthy,  magnesian  lime- 
stone, or  imperfect  dolomite,  in  which  the  embedded  life  forms 
are  preserved,  if  at  all,  in  the  condition  of  iBtdrnal  casts,    ii  is 
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not  quarried  at  any  point  in  the  area  studied,  nor  is  any  of  it 
suitable  for  quarrying.  Where  it  has  been  stripped  and  cut  into 
by  erosion,  instead  of  forming  cliffs  which  might  be  studied  in 
detail,  it  breaks  down  into  rock  strewn  slopes,  with  the  more 
persisteiit  ledges  asserting  themselves  in  a  feeble  way,  as  shown 
in  figure  1(5.  The  view  shows  the  hard  Fort  Atkinson  limestone 
near  the  foot  of  the  slope,  with  some  of  the  harder  beds  of  the 


Fi&:>  16  -View  near  Fort  Atkinson  showintr  outcro]>pine  of  Devonian  dolomite  nearthe 
top  of  the  hill,  and  Fort  Atlcinson  limestone,  of  the  Middle  IVIaquoketa,  near 
the  base.  There  are  ten  or  fifteen  feet  of  Brainard  shale  between  the  two 
limestones,  but  no  Niatfara.    Photo  by  Lees. 

Devonian  expressing  themselves  in  ragged,  fragmentary  out- 
crops toward  the  top.  Ten  or  fifteen  feet  of  Brainard  shale 
separate  the  two  limestones,  but  its  presence  is  not  indicated  by 
the  topography.  Fragments  of  weathered  Devonian  limestone 
are  sprinkled  over  the  entire  hillside.  The  Devonian  at  the  point 
shown  in  the  illustration,  near  the  southeast  comer  of  section  1 
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Jackson  township,  is,  as  usual  at  this  horizon,  soft,  yellow,  mag- 
nesian,  not  very  fossiliferous,  but  yielding  to  persistent  search 
the  casts  of  Productella  suhalata  Hall,  Spirifer  subvmbonus 
Hall,  and  Spirifer  pennatus  Owen. 

The  same  Productella  beds  are  seen  in  numerous  small  out- 
crops— ^wherever,  in  fact,  the  drift  is  absent — on  the  west  side 
of  the  valley  of  the  Turkey  river,  all  the  way  to  the  Howard 
county  line ;  they  are  present  on  both  slopes  of  the  Cresco-Cal- 
mar  ridge  in  Calmar,  Madison  and  Lincoln  townships;  they 
appear  in  contact  with  the  Lower  Maquoketa  in  the  small  Devon- 
ian areas  which  enter  our  county  from  Howard  in  Orleans  and 
Fremont  townships.  For  a  few  concrete  illustrations  there  may 
be  noted  the  outcrops  of  Devonian  crowded  with  casts  of  Pro- 
ductella, which  occur  in  the  road  between  sections  15  and  22, 
Lincoln  township.  The  best  locality  is  just  west  of  a  small  valley 
passing  through  the  sections  named.  Devonian  outcrops  are 
more  or  less  continuous  for  three-fourths  of  a  mile  farther  west, 
but  near  the  middle  of  the  south  line  of  16  the  Fort  Atkinson  do- 
lomite appears  from  beneath  the  Devonian  in  the  gentle  descent 
toward  the  Turkey  river.  Between  the  point  last  named  and  the 
stream,  the  Maquoketa  is  seen  at  intervals,  carrying  such  fossils 
as  Lingula  iowensis,Leptaena  unicostata,Plectambomtes  sericea, 
Orthis  whitfieldi  and  0.  testudinaria.  The  Devonian,  only  a  few 
feet  higher,  furnishes  casts  of  two  Atrypas,  one  large  Spirifer, 
8.  pennatus  Owen,  Cyrtina  hamiltonensis  Hall,  and  Paracyclas 
elliptica  Hall,  in  addition  to  the  common  Productella.  Less  than 
a  quarter  of  a  mile  west  of  the  river  the  Devonian  again  appears 
above  the  Maquoketa,  good  exposures  being  found  near  the 
southeast  comer  of  section  17  and  along  the  east  side  of  20.  At 
the  bridge  over  the  Turkey  river  on  the  line  betweien  Howard 
and  Winneshiek,  there  is  a  good  example  of  the  Productella  beds, 
which  was  noted  in  the  report  on  Howard  county.  The  deposit 
presents  the  usual  lithologic  characteristics,  but  the  grading  for 
the  road  has  exposed  a  section  of  several  feet  in  thickness  and 
afforded  better  opportunities  than  occur  at  the  natural  expos- 
ures for  an  investigation  of  the  fauna.  Fossils,  in  the  first  place, 
are  not  abundant,  and,  secondly,  the  obscure  casts  that  do  occur 
are  not  always  identifiable.  It  is  possible,  however,  to  make  out 
the  Productella  and  large  Spirifer  which  prevail  at  this  horizon. 
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and  in  addition  are  casts  of  Stropheodonta  demissa,  Atrypa 
reticularis,  Spirifer  suhumhonus,  Cyrtina  hamiltonensis,  some 
undetermined  gastropods  and  the  pygidium  of  Phacops.  Shales 
of  the  Maquoketa  stage  occur  in  the  bed  of  the  stream  immedi- 
ately below  the  bridge. 

In  Howard  county  the  Productella  zone  is  overlain  by  beds 
almost  barren  of  fossils,  but  characterized  by  the  presence  of 
occasional  colonies  of  Acervularia  and  great  numbers  of  irregu- 
lar pockets  filled  with  calcite.  Following  down  the  stream  from 
the  county  line  bridge  referred  to  above,  the  Devonian  limestone 
is  foimd  to  be  continuous  in  the  bluffs  in  the  southern  part  of 
section  6,  Lincoln  township.  The  slopes  are  strewn  with  loose 
fragments  of  the  soft,  earthy,  magnesian  limestone,  and  quite  a 
number  of  these  contain  Acervularia  davidsoni  Ed.  &  H.  The 
corals  were  not  seen  in  place,  for  the  upper  part  of  the  bluffs  is 
rounded  back  and  covered  with  a  heavy  mantle  of  detritus ;  but 
it  is  clear  that  the  beds  above  the  Productella  zone  are  present 
in  this  locality.  Beds  of  this  overlying  horizon,  with  its  irregu- 
larly shaped  masses  of  calcite,  may  be  seen  in  places  near  the 
northeast  corner  of  section  16,  Jackson  township,  and  in  the 
southwest  quarter  of  the  northwest  quarter  of  28,  Calmar.  Beds 
belonging  to  the  next  higher  zone  occur  in  section  31  of  Jackson 
township.  In  the  road  passing  south  from  the  center  of  this 
section,  a  few  rods  north  of  the  Fayette  county  line,  there  is  an 
exposure  showing  from  eight  to  ten  feet  of  soft,  yellow,  earthy 
dolomite  containing  Dielasma  iowensis  Calvin,  Atrypa  reticul- 
aris Linne,  and  Spirifer  subvaricosus  Hall  &  Whitfield.  In  tlie 
northeastern  part  of  the  section  the  same  horizon  is  indicated  by 
the  same  fauna  at  the  crossing  of  the  creek  one-fourth  of  a  mile 
southwest  of  Navan,  and  again  in  the  railway  cut  a  short  dis- 
tance west  of  the  small  station. 

The  highest  beds  of  the  Devonian  in  Winneshiek  county  are 
seen  on  the  east  side  of  the  county  line  road,  less  than  a  fourth 
of  a  mile  south  of  the  northwest  comer  of  section  7,  Orleans 
township.  They  were  not  noted  at  any  other  locality. 
Here  the  limestone  is  non-magnesian,  light  gray  or  white 
in  color,  fine  grained  or  lithographic  in  texture.  Some 
of  the  beds  are  very  much  crackled  as  if  they  had 
been    exposed    to    air    drying    while    yet  ^oft    and    plastic. 
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The  fossils  are  mostly  stromatoporoids  of  the  types 
found  associated  with  the  lithographic  zone  from  Johnson 
county  to  Mitchell.  Colonies  of  a  small  digitate  Favosites  occur 
with  the  stromatoporoids,  an  association  that  is  practically  uni- 
versal in  Iowa.  In  Johnson  county  the  lithographic  limestone 
lies  practically  at  the  top  of  the  Cedar  Valley  stage ;  but  if  these 
beds  in  section  7  of  Orleans  township  are  traced  toward  the 
southwest,  they  will  be  f  oimd  in  Howard  county  to  pass  beneath 
heavy,  magnesian  layers  such  as  are  seen  in  the  quarries  on  the 
higher  groimd  around  Vernon  Springs.  By  reference  to  the 
report  on  Chickasaw  it  will  be  found  that  in  the  county  south  of 
Howard  there  are  fifty  feet  of  these  magnesian  beds  above  the 
lithographic  horizon.  In  Mitchell  county,  in  the  Lewis  quarry 
and  at  the  Chandler  cliff  section  for  example,  there  are  some 
soft,  yellow  magnesian  beds,  a  few  feet  in  thickness,  above  the 
lithographic  limestone,  which  may  be  regarded  as  remnants  of 
the  heavy,  overlying  layers  in  Howard  and  Chickasaw.  These 
upper  beds  seem  to  have  no  equivalents  at  Iowa  City  or  else- 
where in  the  southern  part  of  the  Devonian  area.  The  light  col- 
ored, lithographic,  non-magnesian  phase  of  the  Devonian  attains 
its  greatest  known  thickness  in  the  vicinity  of  Mason  City,  as 
may  be  seen  by  reference  to  the  report  on  Cerro  Gordo  county. 
Samples  taken  from  this  horizon  in  Mitchell  county  were  anal- 
yzed by  A.  B.  Hoen  of  Baltimore  and  were  found  to  contain  only 
a  trace  of  Aluminum-iron  oxide  and  but  .07  of  one  per  cent  of 
Magnesia.  Such  a  stone  is  especially  well  fitted  for  use  in  the 
manufacture  of  Portland  cement.  There  is  not  enough  of  the 
non-magnesian  zone  in  Winneshiek  county  to  be  of  commercial 
value,  but  the  great  development  which  these  beds  attain  in  the 
counties  south  and  west  of  the  area  under  consideration  renders 
them  worthy  of  careful  consideration  by  the  makers  of  Portland 
cement,  and  places  them  high  in  rank  among  the  important  geo- 
logical resources  of  the  state. 

THE  MANTLE   BOCKS. 

RESIDUAL    MATERIALS-GEEST. 

The  mantle  of  rock  waste  forming  the  soils  and  subsoils  of 
Winneshiek  county,  may  be  divided  into  (1)  Eesidual  Materials 
or  Geest,  and  (2)  Transported  Materials  which  make  up  the 
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many  phased  deposits  of  the  Pleistocene  System.  The  geest 
belongs  to  no  one  age  or  period,  but  is  a  product  of  destructive 
processes  which  have  been  in  continuous  operation  throughout 
all  the  periods  since  northeastern  Iowa  first  rose  above  the  sea. 
It  does  not  occur  in  large  bodies  at  any  points  within  the  limits 
of  the  county,  corrasion  and  removal  have  been  able  to  keep  pace 
with  the  processes  of  production.  The  residues  resulting  from 
the  disintegration  of  local  bed  rock  vary  with  the  composition  of 
the  beds,  but  it  may  be  said  that  the  characteristic  geest  of  this 
county  is  that  derived  from  the  decay  of  limestones.  This  is 
usually  a  very  dark  colored  ferruginous  clay  enclosing  numer- 
ous fragments  of  chert  and  occasional  fragments  of  undissolved 
limestone.  Geest  is  best  seen  in  the  eastern  part  of  the  county, 
in  the  regions  where  the  drift  is  thin  or  wholly  absent.  It  cannot 
be  said  that  the  geest  mantle  is  continuous  even  in  regions  of  no 
drift ;  it  occurs  as  mere  remnants  of  a  mantle,  often  in  fissures 
in  the  bed  rock.  In  the  drift  covered  regions  it  has  been  quite 
effectually  swept  away,  the  greater  part  of  that  which  remains 
being  protected  in  fissures  into  which  it  had  been  worked  before 
the  coming  of  the  glacial  ice.  Among  the  largest  and  most 
typical  bodies  of  residual  materials  are  those  seen  near  the 
center  of  section  26,  Glenwood  township.  These  bodies  are  of 
dark  red  residual  clay,  in  some  cases  two  or  three  feet  in  thick- 
ness, in  and  upon  which  are  large  quantities  of  residual  chert. 
The  chert  represents  insoluble  nodules  in  the  Galena  limestone, 
and  the  great  amount  of  it  would  indicate  the  removal  by  solu- 
tion of  nearly  the  whole  thickness  of  this  formation. 

Residual  materials  from  the  Oneota  limestone,  a  crystalline 
dolomite,  may  be  seen  a  short  distance  east  of  the  center  of  sec- 
tion 19,  Highland  township.  Here  are  all  stages  of  rock  decay 
from  partly  disintegrated  bowlders  of  the  Oneota  to  gray  dolo- 
mitic  sand  and  dark,  ferruginous  residual  clay.  All  the  crystal- 
line dolomites,  such  as  the  Niagara  in  Delaware  county,  the 
Galena  around  Dubuque,  and  the  Oneota  in  the  northeastern 
counties,  break  down,  by  solution  of  the  cementing  substance,  in- 
to loose  granules  representing  the  constituent  crystals  of  the 
deposit.  The  product  resembles  ordinary,  incoherent  sand. 
Decayed  Galena  in  Dubuque  county,  and  Niagara  in  Delaware, 


KANSAN    STAGE.  119 

have  given  rise  to  considerable  bodies  of  loose,  dolomitic  sand 
many  fc  et  in  thickness ;  and  here  in  section  19  of  Highland  town- 
ship, as  well  as  at  many  other  places  in  Winneshiek  comity,  the 
Oneota  is  seen  passing  through  the  same  phase  of  decomposition. 
The  final  result  in  all  such  cases,  however,  is  the  solution  of  all 
that  is  soluble  in  the  granules  and  the  conversion  of  the  finer 
insoluble  constituents  of  the  dolomite  into  a  dark  red,  ferru- 
ginous, tenacious  clay  in  all  respects  like  that  derived  from  the 
non-magnesian  phase  of  the  Galena.  The  residual  clays  from 
the  Maquoketa  beds  are,  on  the  whole,  less  ferruginous  than  the 
geest  from  the  Galena  and  Oneota  limestones.  The  residue  from 
the  Saint  Peter  sandstone  is  simply  a  bed  of  incoherent  quartz 
sand  practically  equal  in  volume  to  the  body  of  sandstone  that 
has  suffered  disintegration.  A  typical  illustration  of  such  geest 
occurs  around  the  base  of  the  salient  of  Saint  Peter  (Fig.  5)  in 
section  12  of  Hesper  township. 

PLEISTOCENE    SYSTEM. 

KANSAN     STAGE. 

Kansan  Drift. — Only  two  drift  sheets  have  been  recognized  in 
Winneshiek  county,  the  Kansan  and  the  lowan.  The  drift 
mantle,  even  where  both  sheets  are  present,  is  comparatively 
thin.  The  older  Kansan,  weathered,  iron  stained,  deeply  eroded 
and  covered  with  loess,  is  found  in  the  eastern  two-thirds  of  the 
coimty.  In  the  eastern  one-third  there  are  areas  of  considerable 
extent  where  the  drift  occurs  in  patches;  in  the  intervening 
vacant  spaces  the  loess  rests  directly  on  bed  rock  or  on  residual 
clays  and  cherts.  The  heavier  and  more  continuous  bodies  of 
Kansan  drift  are  found  on  the  uplands.  North  of  the  Oneota 
river  the  drift  is  well  developed  along  the  high  divide  passing 
through  the  northern  townships,  a  fact  that  is  apparent  in  the 
western  part  of  Hesper  township  and  the  northeastern  part  of 
Burr  Oak.  South  of  the  river  the  most  typical  and  characteristic 
areas  of  the  Kansan  occur  on  the  high  ground  in  Springfield, 
Frankville,  Military  and  Bloomfield  townships.  The  drift  is  thin, 
patchy,  or  wholly  absent  over  considerable  areas  about  the  head- 
waters of  the  Yellow  river  in  Bloomfield  and  Frankville  town- 
ships.   The  same  statement  may  be  made  relative  to  the  whob 
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of  Glenwood  and  Pleasant  townships,  and  to  the  greater  part  of 
Decorah,  Canoe  and  Highland.  In  Bloomfield  township,  for 
example,  there  is  the  large  area  of  Kansan  on  the  upland  of 
which  Castalia  is  the  center.  This  is  continuous  with  the  main 
hody  of  the  formation  toward  the  west  and  northwest;  but 
among  the  numerous  branches  of  the  Yellow  river  the  drift  is 
reduced  to  mere  shreds  and  isolated  remnants,  as  is  well  illus- 
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Fifi:  17— DriftleR^i  hills  in  sections  23  and  21,Pleasant  township, 
with  waste  from  the  Oneo  ^a  limestone. 


The  si  3pes  are  covered 


trated  l)y  the  detached  body  occui)ying  a  small  ridge  near  the 
center  of  section  18  and  another  near  the  northwest  corner  of 
section  12.  In  Canoe  township  there  is  a  detached  mass  of  drift 
of  considerable  extent  and  several  feet  in  thickness,  south  of  the 
center  of  section  2.  In  Pleasant  township  there  is  quite  an  area 
of  the  older  drift  south  and  east  of  Locust  Jjane,  but  in  the 
small  valley  traversing  sections  23  and  24,  the  hill  slopes  are 
covered  with  local  waste  (Fig.  17),  and  there  is  no  evidence  that 
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glacial  ice  had  ever  invaded  the  region.  In  general  it  may  be 
said  that,  in  the  eastern  third  of  the  comity,  the  valleys,  even  of 
the  smaller,  intermittent  streams,  have  the  topographic  features 
and  surficial  mantle  of  the  Driftless  Area,  while  the  divides, 
even  the  smaller  ones,  show  some  traces  of  the  Kansan  drift.  It 
is  possible  that  the  whole  region,  embracing  both  valleys  and 
uplands,  may  have  been  covered  to  an  equal  extent  with  the 
Kansan  glacier,  and  that  erosion  during,  and  subsequent  to,  the 
period  of  ice  melting  may  have  carried  away  from  the  valleys 
whatever  detrital  material  the  ice  deposited.  On  the  other  hand 
it  is  probable,  at  least  possible,  that  the  ice  coming  from  the 
higher  lands  to  the  northwest,  moving  here  in  the  direction  of 
the  drainage,  and  very  much  attenuated  at  its  margin  as  it 
approached  the  Driftless  Area,  pushed  out  on  the  ridges,  its 
continuity  with  the  main  body  of  the  living  glacier  uninter- 
rupted, while  it  broke  down  and  became  dead  at  the  heads  of  the 
valleys.  The  ridges  were  in  fact  a  continuation  of  the  surface 
to  the  westward,  upon  which  the  ice  moved  as  an  unbroken 
sheet;  but  the  valleys,  all  of  them  preglacial,  were  depressions 
below  that  surface,  and  the  thin  margin  of  the  ice  broke  down 
into  detached,  dead  fragments  wherever,  in  this  critical  part  of 
its  area,  such  depressions  were  encountered.  According  to  this 
view  these  valleys  never  were  invaded  by  living  glaciers,  never 
received  any  mantle  of  drift.  The  same  conditions  are  indicated 
by  the  distribution  of  the  Kansan  in  the  marginal  part  of  its 
area  in  Dubuque  county. 

At  all  the  exposures  of  Kansan  drift  noted  in  Winneshiek 
county  the  formation  is  weather  stained  and  oxidized  through- 
out its  whole  thickness.  The  color  is  red,  not  infrequently  quite 
brilliant.  The  smaller  remnants  in  the  eastern  part  of  the  county 
are  very  pebbly  or  sandy,  and  in  some  cases  they  grade  into 
dep">sits  which  might  be  classed  as  Buchanan  gravels.  This 
pebbly  phase  of  the  Kansan  is  well  illustrated  at  many  points 
along  the  road  passing  north  and  south  through  sections  21  and 
28,  Decorah  township;  but  the  feature  is  so  common,  especially 
throughout  the  eastern  townships,  as  practically  to  include  all 
observed  exposures,  and  further  mention  of  particular  cases  is 
unnecessary.     The   normal,   blue,   unweathered   phase   of  the 
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Kansan  was  not  seen  in  any  of  the  outcrops  during  the  progress 
of  the  survey,  but  McGee  in  his  Pleistocene  History  of  North- 
eastern loiva,  page  519,  publishes  the  record  of  a  well  located  in 
section  7,  Orleans  township,  which  showed — pebbly  yellow  clay, 
6  feet,  and  compact,  laminated  blue  clay  with  striated  pebbles, 
10  feet.  This  well  is  located  in  the  western  edge  of  the  county 
where  the  glacial  deposits  are  thickest,  and  in  an  area  where 
both  drift  sheets  are  present.  The  yellow  clay  undoubtedly 
belongs  to  the  lowan  stage;  the  blue  clay  presents  the  normal 
aspect  of  the  imweathered  Kansan.  Another  well  reported  by 
the  same  author  is  located  in  section  16,  Burr  Oak  township. 
Here  the  record  shows — loess,  14  feet;  laminated  sand,  coarser 
below,  10  feet ;  gravelly  and  sandy  brown  clay,  6  feet.  In  the  last 
case  the  well  is  located  in  the  loess  covered  Kansan  area,  some 
distance  beyond  the  extreme  limits  of  the  territory  covered  by 
the  later  lowan  ice.  The  drift  is  overlain  by  stratified  sands  of 
the  age  of  the  Buchanan  gravels.  The  brown  color  of  the 
glacial  clay  indicates  profound  weathering  of  the  deposit,  and 
the  presence  of  the  weathered  zone  shows  that  the  surface  has 
not  been  disturbed  by  glaciers  since  the  materials  were  deposited 
and  exposed  to  the  air.  In  the  erosional  topography  which  is  so 
prominent  a  characteristic  of  this  locality,  in  the  weathering  and 
complete  oxidation  of  the  drift,  and  in  the  overburden  of  loesd 
there  may  be  recognized  the  features  which  everywhere  dis- 
tinguish the  loess-Kansan  portions  of  the  great  drift-covered 
area  of  Iowa. 

Buchanan  Gravels, — When  the  Kansan  glaciers  were  melting 
and  making  their  final  slow  retreat  from  this  part  of  the  state, 
large  volumes  of  w^ater  flowed  out  from  the  margin  of  the  ice 
upon  the  region  which  the  ice  retreat  had  just  laid  bare.  This 
water  was  loaded  with  detrital  material,  coarse  and  fine,  and  the 
load  was  sorted  and  deposited  along  the  courses  followed  by  the 
streams.  Sheets  and  trains  of  gravel  were  thus  laid  down,  some 
of  them  upon  the  surface  of  the  Kansan  drift  more  or  less 
remote  from  the  major  drainage  courses,  some  of  them  strewn 
along  the  larger  valleys.  Two  distinct  phases  of  these 
gravels  have  been  noted  in  previous  reports,  one  the  upland,  the 
other  the  valley  phase.  The  probable  genesis  of  the  two  phases  is 
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the  valley.  It  is  composed  of  pebbles  which  have  an  average 
diameter  of  half  an  inch.  These  are  mostly  smooth,  well  rounded, 
polished  quartz.  There  is  quite  a  proportion  of  sand  mixed  with 
the  •pebbles,  and  the  deep  ferruginous  stain  indicates  that  rock 
fragments  containing  iron  bearing  minerals  were  primary  con- 
stituents of  the  deposit.  Nearly  all  the  mineral  species  except 
the  quartz  are  partly  or  wholly  decomposed. 

Deposits  of  Uncertain  Age,  Probably  Kansan, — The  history 
of  the  Kansan  drift  and  the  intimately  associated  Buchanan 
gravels  is  fairly  clear,  but  there  are  some  deposits  in  the  larger 
valleys,  possibly  belonging  to  the  Kansan  stage,  which  it  is  more 
difficult  to  understand.  The  gorge  of  the  Upper  Iowa  and  all 
the  other  stream  trenches  of  any  consequence  in  the  county  are 
preglacial  in  age.  The  Kansan  drift  comes  well  down  into  the 
valley  on  the  sides  of  the  bluflfs  around  Decorah,  and  some  of  the 
gravels  deposited  by  floods  from  the  melting  Kansan  ice,  lie  in 
the  very  bottom  of  the  gorge.  The  valley  was  not  only  com- 
pletely excavated  before  the  Kansan,  but  it  was  even  deeper 
than  it  is  to-day;  for  during  the  time  of  the  Kansan  floods 
aggradation  took  place  to  a  dei)th  of  not  less  than  fifteen  or 
twenty  feet.  Now  from  Decorah  eastward  to  the  county  line 
there  are  extensive  terraces  of  sorted  and  stratified  materials, 
well  up  on  the  sides  of  the  valleys,  from  thirty  to  fifty  feet  above 
the  present  flood  plain.  The  materials  composing  these  terraces 
differ  markedly  from  those  making  up  the  Buchanan  gravels  in 
that  they  are  largely  of  local  limestones  and  cherts.  In  most 
cases  less  than  ten  per  cent  of  the  fragments  are  of  crystalline 
rocks.  Along  the  river  from  the  county  line  westward,  in  the 
southeast  quarter  of  section  3G,  Pleasant  township,  the  terraces 
are  well  developed.  Not  far  from  the  line  the  stratified  terrace 
materials  have  been  undercut  by  the  river  so  as  to  show  a  fresh 
section  forty  feet  in  hight.  Near  and  l)elow  the  middle  of  the 
section  there  are  many  coarse  blocks  from  the  Oneota  and  Saint 
Peter  formations,  but  the  main  body  of  the  deposit  consists  of 
rounded  fragments  of  chert  and  local  limestone,  with  some  peb- 
bles of  quartz,  diorite,  granite  and  other  northern  crystallines, 
all  enil)edded  in  (juartz  sand.  Some  small  streaks  made  up 
almost  exclusively  of  northern  ])ebl)les  and  quartz  sand  are  iron 
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stained  and  resemble  the  ordinary  Buchanan  gravels.  Between 
section  36  of  Pleasant  township  and  section  16  of  Decorah,  there 
are  many  remnants  of  the  same  terrace  deposits.  In  section  12 
of  Decorah  the  terrace  has  been  cut  into  by  a  small  wet  weather 
tributary  exposing  a  fresh  surface  of  the  same  materials  found 
farther  east.  The  deposit  is  well  stratified.  Some  streaks  of 
clay  are  intermingled  with  the  gravels.  There  is  also  a  con- 
siderable amount  of  quartz  sand;  and  rounded  fragments  of 
crystalline  rocks  occur,  varying  from  small  pebbles  a  fraction  of 
an  inch,  to  cobbles  eight  or  nine  inches  in  diameter.  The  major 
part  of  the  material,  however,  consists  of  fragments  of  sedi- 
mentary rocks  from  the  local  formations.  The  larger  crystalline 
cobbles  are  very  rare.  On  the  left  bluflfs  of  the  river  opposite 
Decorah,  between  Mill  spring  ravine  and  the  Ice  cave,  the  terrace 
material  takes  the  form,  in  part  at  least,  of  irregular,  only  par- 
tially worn  chips  of  limestone  arranged  in  definite  bands,  with 
what  seems  to  be  washed  residual  clay  in  the  interstices ;  while 
mingled  with  the  local  fragments  are  small  numbers  of  crystalline 
pebbles.  Toward  the  base  of  the  deposit  the  limestones  are 
worn  and  well  rounded;  foreign  pebbles  are  present  in  larger 
proportional  numbers  than  higher  up;  all  the  fragments  are 
embedded  in  clean  quartz  sand ;  and  the  whole  is  bound  together 
with  calcareous  cement  into  a  firm  conglomerate.  The  base  of 
the  terrace  is  here  thirty  feet  above  the  present  flood  plain,  and 
on  a  platform  between  the  terrace  and  the  river  are  many  rem- 
nants of  very  much  weathered,  ferruginous  Kansan  drift. 

Along  with  the  deposits  of  uncertain  age  one  at  the  mouth  of 
Mill  spring  ravine  should  perhaps  be  mentioned.  While  some 
of  the  materials  here  are  the  same  as  those  composing  the  ter- 
races described  above,  it  is  very  probable  that  the  deposit  is  due 
to  the  working  over  and  re-deposition  of  a  variety  of  materials 
at  a  much  later  date.  The  section  exposed  occurs  at  the  side  of 
the  road  and  is  twenty  feet  in  hight.  The  arrangement  of  the 
materials  is  without  definite  order.  Small  bodies  of  stratified, 
oxidized,  iron  stained  gravels  are  shown;  there  are  irregular 
local  masses  of  gravel  composed  of  limestones  and  cherts ;  large 
blocks  of  calcareous  tufa,  probably  a  precipitate  from  the 
springs  of  the  immediate  neighborhood,  are  disposed  without 
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order  throughout  the  face  of  the  section;  there  are  yellowish 
and  ashen  silts,  some  containing  such  land  shells  as  Succinea  and 
Polygyra;  and  there  are  others  containing  the  shells  of  aquatic 
types  such  as  Physa.  Impressions  of  leaves  resembling  those  of 
the  modern  elm  and  hazel  are  f  oimd  in  some  of  the  blocks  of  cal- 
careous tufa.  The  whole  appears  to  be  but  a  remnant  of  a  much 
larger  deposit  that  once  may  have  filled  the  ravine  from  side 
to  side  for  some  d' stance  above  its  mouth. 

Post'Kansan  Loess. — There  are  evidences  of  two  distinct  loess 
depusit.s  distributed  throughout  the  coimty.  Between  the  two 
the  differences  in  age  are  very  great.  The  older  loess  is  related 
to  the  Kansan  drift,  though  the  time  of  its  deposition  may  have 
iDcen  very  much  later  than  the  appearance  and  withdrawal  of  the 
Kansan  ice.  Its  exact  age  can  not  be  determined  from  the  knowl- 
edge now  at  hand.  It  lies  on  an  eroded  surface  of  Kansan  till, 
which  would  imply  that  its  deposition  did  not  immediately  fol- 
low the  disappearance  of  the  Kansan  glaciers;  that  this  loess 
was  old,  weather-stained  and  altered  before  the  second,  or 
lowan  loess  was  laid  down  upon  it,  is  also  clearly  indicated.  The 
old  loess  is  blue  or  gray  in  color.  It  is  much  more  plastic  than 
the  yellow  lowan  loess.  Evidences  of  age  and  alteration  before 
it  was  covered  by  later  deposits  are  found  in  the  segregation 
of  the  iron  in  the  form  of  large,  ferruginous,  concretionary 
'* pipes",  and  in  the  great  numbers  and  large  size  of  the  loess 
kindchen  which  indicate  the  leaching  and  re-deposition  of  the 
calcareous  constituent.  Where  the  deposit  is  trenched  by  rain 
cut  gullies,  the  ferruginous '^pipes'' are  shown  to  be  not  only  very 
numerous,  but  to  be  hard  enough  to  bear  complete  separation  by 
washing  from  the  softer  matrix  and  resistant  enough,  for  some 
time,  to  cumber  the  bottom  of  the  trench  by  scores  and  hundreds. 
The  concretionary  process  evidently  began  around  plant  roots, 
but  it  went  on,  building  up  concentric  rings,  until  diameters 
ranging  from  three  to  five  inches  were  attained.  Shimek*  has 
referred  to  the  particular  case  observed  near  the  northwest  cor- 
ner of  section  20,  Bluffton  township.  In  1903  one  of  the  best 
exposures  in  the  county  was  to  be  seen  at  this  point.  The  older 
loess  was  exposed  in  a  steep  sided  trench  to  a  depth  of  four  feet, 

*TheLoe»»and  the   LanHng  Man.'Bj  B.   Shimek.  Butt^tin  from  thtt  Lab.  Nat, 
HUt.  of  the  State  UnivertUv  of  Iowa,  Vol.  V  ,  p.  840.    Iowa  OitF.  November  19,  19M. 
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and  above  it  was  a  bed  of  fresh,  yellow,  lowan  loess  having  a 
thickness  of  eight  or  ten  feet.  The  locality  is  on  a  hillside  slop- 
ing to  the  north,  and  both  loess  deposits  are  thickest  near  the 
top  of  the  slope.  The  older  deposit,  in  fact,  thins  ont  and  dis- 
appears in  a  short  distance,  and  before  the  middle  of  the  slope 
is  reached  the  younger  loess  rests  directly  on  yellow  shaly  lime- 
stones belonging  to  the  Maquoketa  stage.  Both  older  loess  and 
Kansan  drift  had  been  removed  by  erosion  before  the  last  episode 
of  loess  deposition  began.  The  alteration  of  the  older  loess  was 
all  finished  before  the  deposition  of  the  later,  for  the  overlying 
bed  of  ten  feet  in  thickness  would  effectually  protect  the  lower 
from  furtlier  change.  Except  at  the  surface,  there  are  no  evi- 
dences of  change  in  the  upper  bed  since  it  was  laid  down.  The 
locality  noted  above  is  but  one  of  scores  showing  the  same  rela- 
tions of  two  distinct  beds  of  loess.  When  seen  in  a  clean  vertical 
section,  the  line  between  the  two  deposits  is  quite  sharply  drawn 
as  shown  in  figure  18,  reproduced  from  a  view  by  Shimek  taken 
in  section  3,  Decorah  township. 


Pifir  18 -An  older  and  a  younsrer  loess  in  section  3,  Decorah  township      The  dark  band 
^elow  the  middle  of  the  view  separates   the  two  deposits.      Photo  by  Shimek 
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lowan  Drift. — The  lowan  drift  covers  less  than  one-third  of 
the  total  area  of  Winneshiek  county.  It  pushes  over 
into  Winneshiek  from  Howard  and  Chickasaw  and  ter- 
minates quite  abruptly  along  a  very  irregular  line  before 
advancing  far,  at  any  point,  beyond  the  limits  of  the 
western  townships.  The  erratic  line  which  marks,  the  extreme 
eppt^r^  limits  of  the  lowan  ice  sheet,  is  described  in  the  chapter 
on  topography,  and  is  shown  on  the  map  of  the  Pleistocene 
deposits.  West  of  this  line  the  surface  is,  in  general,  a  very 
gently  undulating  plain,  contrasting  strongly  with  the  deeply 
dissected  surface  of  the  Kansan  drift,  or  of  the  region  in  which 
the  present  topography  is  due  to  preglacial  erosion.  The 
inequalities  of  the  lowan  surface  are  not  due  to  water  sculpture 
in  post-Iowan  time,  but  to  the  irregular  manner  in  which  the 
drift  materials  were  deposited  by  the  lowan  ice.  In  Winneshiek 
county,  as  elsewhere,  the  lowan  drift  is  very  thin  near  its  mar- 
gin and  fails  in  many  cases  to  conceal  the  eflfects  of  pre-Iowan 
erosion,  but  in  general  this  younger  drift  plain,  with  its  broad, 
shallow  sags  and  low,  flat,  intervening  swells,  shows  none  of  the 
characteristics  of  a  water  carved  surface.  The  deposit  under 
consideration  is  characteristically  developed  over  the  major  part 
of  Jackson  and  Sumner  townships  and  the  west  central  part  of 
Orleans. 

The  lowan  till  is  yellow,  comparatively  free  from  cobbles  and 
pebbles,  moderately  calcareous,  and  its  surface  is  strewn  with 
large,  coarse  grained,  light  colored  granite  bowlders.  Usually 
the  lowan  area  has  no  loess ;  the  till  shows  scarce  any  signs  of 
oxidation  or  leaching ;  its  bowlders  are  fresh ;  its  surface  has  not 
been  modified  in  any  appreciable  degree  by  erosion ;  its  materials 
remain  practically  as  the  retreating  lowan  glaciers  left  thenL 

Along  its  border  the  lowan  drift  plain  is  usually  abruptly  set 
oflF  from  the  Kansan  by  a  conspicuous  ridge  of  loess.  The  Kan- 
san area  is  always  loess  covered ;  the  surface  is  carved  by  drain- 
age waters  into  a  branching  and  re-branching  system  of  ravines 
which  diminish  in  depth  and  importance  as  the  number  of 
branches  is  increased,  and  finally  fade  into  scarcely  perceptible, 
shallow  depressions  on  the  divides ;  over  the  ridges  and  ravine? 
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loess  is  spread  as  a  veneer,  showing  that  the  erosion  was  com- 
plete before  the  yellow  loess  was  deposited;  the  upper  surface 
of  the  till  is  reddened  by  oxidation  which  took  place  during  the 
long  pre-loessial  period  of  exposure;  the  lime  carbonate  has 
been  leached  from  the  upper  zone;  many  of  the  few  small  bowl- 
ders which  occur  are  so  far  decayed  as  to  crumble  of  their  own 
weight  or  under  very  slight  mechanical  force;  the  contrast 
between  the  old,  eroded,  weathered  and  loess  covered  Kansan 
and  the  yoimg,  fresh,  uneroded  lowan  is  very  great,  and  it  is 
all  the  more  striking  when  the  two  areas  are  seen  in  close  prox- 
imity, as  along  the  lowan  margin.  The  diflferences  are  sufficient 
to  arrest  the  attention  of  any  intelligent  observer. 

lowan  Sand  Terraces. — Deposits  of  fresh,  white,  clean  sand 
are  strewn  along  the  valley  of  the  Upper  Iowa,  and  are  particu- 
larly well  displayed  in  sections  13  and  24,  Decorah  township,  and 
7,  8  and  18,  Glenwood.  The  sand  overlies  the  rusty  Buchanan 
gravels,  in  areas  of  some  width,  on  the  east  side  of  the  road  lead- 
ing from  Freeport  to  the  bridge  in  section  7  of  Glenwood ;  but  it 
seems  to  have  been  deposited  chiefly  in  comparatively  narrow 
belts  along  the  lower  slopes  of  the  bluffs.  It  is  referred  to  the 
time  of  flooded  streams  connected  with  the  melting  of  the  lowan 
ice  on  the  basis  of  its  fresh  appearence,  its  stratigraphic  rela- 
tions to  the  old,  weathered  Buchanan  gravels  and  its  evident 
identity  with  sand  beds  of  lowan  age  in  counties  ranging  from 
Johnson  to  Mitchell.  In  connection  with  the  record  of  sand 
trains  along  the  main  drainage  course  of  the  coimty,  it  will  be 
appropriate  to  note  a  number  of  lowan  bowlders  in  the  north- 
east quarter  of  section  21,  and  the  northwest  quarter  of  22, 
Fremont  township,  at  some  distance  from  the  lowan  border. 
There  is  here  a  sharp  curve  in  the  river  changing  the  flow  from 
the  northeast  toward  the  southwest,  and  on  the  outside  of  the 
curve  there  is  a  low,  flat  area  extending  eastward  for  a  distance 
of  half  a  mile.  The  bowlders,  fair  in  size  and  more  than  a  dozen 
in  number,  are  located  on  this  flat  space  upon  which  the  stream 
would  be  projected  at  high  water.  It  is  easy  to  see  that  floating 
masses  of  lowan  ice  carrying  bowlders  would  be  swept  out  of  the 
main  channel  and  stranded  at  such  a  point,  when  the  swollen 
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stream  was  transporting  and  depositing  the  lowan  sands.  At 
its  maximum,  the  lowan  ice  lay  deep  in  the  valley  of  this  river, 
and  in  all  its  drainage  basin,  west  of  Foreston  in  Howard  county, 
and  it  was  from  this  region  that  the  bowlders  near  the  northeast 
comer  of  section  21,  Fremont  township,  came. 

lowan  Loess. — ^Intimately  related  to  the  coming  and  going  of 
the  lowan  ice  sheet  was  the  deposition  of  the  young,  fresh,  yel- 
low loess  which  begins  at  the  lowan  border  and  is  spread  to 
indefinite  distances  over  the  region  lying  outside  of  that  margin. 
The  whole  county,  excepting  the  area  of  lowan  drift,  is  covered 
with  it.  The  loess  is  very  young  as  compared  with  the  other 
phenomena  of  the  area  upon  which  it  lies.  It  varies  in  thickness 
from  a  few  inches  to  ten,  fifteen  or  twenty  feet,  but  in  general  it 
conforms  to  all  the  erosional  inequalities  which  had  been  devel- 
oped on  the  surface  before  the  time  of  its  deposition.  If,  there- 
fore, it  could  all  be  swept  away,  the  topographic. features  of  the 
region  would  not  differ  essentially  from  those  of  the  present. 
This  loess  is  a  fine,  yellow  dust,  evidently  derived  from  the  yel- 
low lowan  till  to  the  westward,  often  containing  numerous  fos- 
sils in  the  form  of  the  fragile  shells  of  land  snails,  and  furnish- 
ing occasional  small  limy  nodules,  the  loess  kindchen.  The  more 
extensively  and  thoroughly  the  loess  is  studied,  the  stronger 
grows  the  evidence  that  it  is  simply  wind-blown  dust,  a  true 
aeolian  deposit.  Usually  the  formation  shows  no  evidence  of 
stratification,  but  bedding  planes  are  indicated  in  not  a  few 
instances.  When  seen  at  all,  they  conform  to  the  surface  slopes 
or  present  the  irregularities  sometimes  seen  in  drifts  of  snow  or 
bodies  of  aeolian  sand.  A  case  of  very  complex  bedding  is  seen 
near  the  center  of  the  west  half  of  the  northwest  quarter  of  sec- 
tion 33,  Calmar  township. 

Alluvium. 

Fine  alluvial  deposits  occur  in  the  valleys  of  the  principal 
streams.  In  that  part  of  the  Upper  Iowa  or  Oneota  valley 
between  the  northwest  comer  of  the  county  and  Decorah  there 
are  many  small  areas  and  narrow  belts  of  alluvium,  well  shown 
at  Plymouth  Eock,  Bluflfton,  and  other  points  where  the  walls  of 
the  valley  recede  from  the  stream  and  true  flood  plains  are 
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developed.  Below  Decorah  there  are  a  number  of  similar  areas, 
but  the  coarser  sands  and  gravels  connected  with  the  effects  of 
melting  glaciers,  have  choked  up  the  valley  and  preoccupied  the 
space  which  might  have  been  covered  with  alluvium,  to  a  much 
greater  extent  below  Decorah  than  above.  Alluvial  plains  of  no 
very  great  size  occur  along  Bear  creek  and  Canoe  creek  in  the 
northeastern  part  of  the  county,  and  along  the  Turkey  river  in 
the  southwest. 

Soils. 

The  soils  of  Winneshiek  county  are  very  varied.  There  are 
stony  residual  soils  without  loess  in  the  hilly  driftless  portions 
of  the  county,  in  the  eastern  parts  of  Glenwood,  Pleasant  and 
Highland  townships,  as  illustrated  in  figure  17 ;  in  the  same  part 
of  the  county  there  are  residual  deposits  covered  with  loess ;  in 
the  central  and  western  portions  of  the  Kansan  area  the  soil  is 
loess  underlain  by  Kansan  drift ;  in  the  lowan  area  the  soil  is  a 
dark  loam  derived  directly  from  the  lowan  till,  without  loess; 
and  in  the  stream  valleys  there  are  the  small  areas  of  alluvial 
deposits,  furnished  with  the  most  fertile  and  most  desirable  tyi>e 
of  soil  in  the  county.  Large  bodies  of  superior  farming  lands, 
with  loess-Kansan  soils,  are  found  in  the  county  in  two  distinct 
areas.  One  of  these  includes  the  northern  parts  of  Fremont, 
Burr  Oak,  Canoe  and  Pleasant  townships,  together  with  the 
whole  of  Hesper  and  the  western  part  of  Highland.  The  other 
covers  the  central  part  of  Frankville  township ;  from  fifteen  to 
twenty  square  miles  in  the  eastern  and  central  parts  of  Madison; 
and  the  uplands  on  the  summit  and  sides  of  the  Cresco-Calmar 
ridge  from  the  lowan  border  near  Calmar  to  the  southeast  cor- 
ner of  the  county.  In  these  areas  the  surface  is  more  or  less 
rolling  and  naturally  well  drained,  the  soil  is  loose  and  mellow, 
free  from  rock  fragments,  easy  of  cultivation.  The  slopes  are 
not  so  steep  but  that  a  fertile  loam  is  developed.  In  the  other 
parts  of  the  loess-Kansan  area,  in  proximity  to  streams,  the 
surface  is  characterized  by  steep  sided  ravines  and  narrow  inter- 
vening ridges,  the  land  is  easily  trenched  and  gullied  by  rains, 
humus  is  washed  away  as  fast  as  developed,  and  the  soil  is  l^ss 
fertile  and  less  easily  cultivated  than  on  the  uplands  farther 
from  the  drainage  courses. 
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lowan  drift  soils  are  found  in  the  western  portion  of  the 
county,  over  the  whole  or  part  of  Orleans,  Lincoln,  Calmar, 
Sumner  and  Jackson  townships.  The  surface  is  less  rolling  than 
in  the  loess-Kansan  area,  for  which  reason  the  surface  drainage 
is  not  so  universally  perfect.  A  deep,  black,  fertile  loam  is 
developed,  rich  in  lime  carbonate  as  well  as  in  organic  matter. 
There  is  sand  enough  to  make  the  soil  warm,  mellow  and  easily 
cultivated.  Granite  bowlders  are  scattered  over  the  surface, 
but  they  are  not  sufl5ciently  numerous  to  be  troublesome.  Lack 
of  drainage  in  very  wet  seasons  is  the  only  disadvantage  which 
these  soils  have  as  compared  with  those  of  other  parts  of  the 
county,  and  this  is  nowhere  serious.  It  is  probably  true  that  tne 
most  valuable  farming  lands  of  Winneshiek  are  found  in  the 
area  of  lowan  drift.  The  distribution  of  the  small  areas  of 
alluvial  soils  has  been  noted  under  the  head  of  Alluvium. 

XTnconfomiities. 

In  discussing  the  stratigraphy  of  the  county  reference  was 
made  to  the  very  pronounced  unconformity  between  the  Pro- 
ductella  beds  of  the  Devonian  and  the  Maquoketa  formation  of 
the  Ordovician.  Tlie  Silurian  is  absent.  The  Niagara  limestone 
may  never  have  been  deposited  in  the  northern  part  of  the 
county,  or  it  may  originally  have  been  very  thin  and,  in  this  area, 
was  removed  by  erosion  before  the  beginning  of  the  Devonian. 
The  few  small  outliers  of  Niagara  in  Washington  townshipwould 
indicate  that  the  Niagara  probably  was  present,  at  least  in  the 
southwest  part  of  our  area,  and  that  erosion  must  be  reckoned  as 
one  of  the  factors  in  accounting  for  its  absence  between  the 
Maquoketa  and  the  Devonian  at  points  only  a  few  miles  from 
the  outliers,  on  the  west  side  of  the  Turkey  river. 

The  unconformity  here  is  due  to  overlap.  During  the  Silurian 
the  shore  line  was  moved  westward  to  an  unknown  distance,  and 
at  the  beginning  of  the  Devonian  the  sea  was  still  remote  from 
Winneshiek  county.  At  the  most  it  was  only  the  lower  part  of 
the  earlier  division  of  the  Niagara  that  was  deposited  in  this 
area  before  the  waters  receded  to  the  west.  The  greater  part  of 
what  has  been  called  the  Delaware  stage  of  the  Niagara  is 
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absent,  as  well  as  the  whole  of  the  Gower,  which  is  so  conspicu- 
ously developed  and  attains  its  maximum  thickness  in  Scott, 
Cedar  and  Jones  counties.  On  the  other  hand  the  lower  part  of 
the  Devonian  is  missing.  During  the  time  represented  by  the 
Otis,  Independence,  Lower  Davenport,  and  most  of  the  Upper 
Davenport  beds,  as  these  have  been  described  by  Norton  in 
reports  on  Linn,  Scott,  and  Cedar,  the  region  was  still  under- 
going erosion.  The  Devonian  horizon  that  lies  in  contact  with 
the  Maquoketa  in  Winneshiek  and  Howard  counties  is  that  of 
Productellasubalata  Hall,  and  Spiriferpennatus  Owen,  a  horizon 
equivalent  to  that  of  the  city  quarry  and  other  quarries  in  and 
around  Independence,  a  horizon  well  above  the  Fayette  breccia, 
even  above  the  Gyroceras  beds  of  the  Upper  Davenport.  The 
uplift  which  caused  the  waters  to  recede  probably  came  to  an 
end  about  the  beginning  of  the  Devonian,  and  a  slow  subsidence 
allowed  a  transgression  of  the  sea  upon  an  eroded  surface.  The 
movement  reached  its  maximum  about  the  close  of  the  time 
represented  by  the  Upper  Davenport  beds  of  Norton.  The 
crustal  warping  which  made  the  transgression  possible  faded 
out  toward  the  southeast ;  there  are  no  indications  of  it  in  Cedar 
county  where  the  several  divisions  of  the  late  Silurian  and  early 
Devonian  seem  to  follow  each  other  without  any  break,  but  the 
abnormal  eastward  trend  of  the  Devonian  margin  in  Muscatine 
and  Scott  counties  may  be  indicative  of  some  corresponding 
movement  in  the  region  south  of  Cedar. 

The  other  unconformities  in  the  county  are  connected  with  the 
deposition  of  the  successive  formations  belonging  to  the  Pleisto- 
cene. The  Kansan  drift  is  unconformable  on  all  the  formations 
of  the  Paleozoic  rocks  with  which  it  comes  in  contact.  The  lowan 
drift  was  spread  over  a  deeply  eroded  surface  of  the  older  Kan- 
san. The  lowan  loess  is  unconformable  on  Kansan  drift  in  some 
localities,  and  on  the  older  indurated  rocks  in  others. 

Economic  Froducts. 

BUILDING    STONE. 

Winnesliiek  county  is  fairly  well  supplied  with  building  stone. 
The  lower  part  of  the  Oneota  limestone  as  exposed  in  the  valley 
of  Bear  creek  from  Highlandville  to  the  east  county  line,  is 
capable  of  furnishing  a  superior  grade  of  quarry  stone,  and  all 
it  lacks  is  development.    The  same  beds  come  to  the  surface 
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along  Canoe  creek  in  sections  25  and  26,  Pleasant  township,  and 
a  mile  farther  north,  in  a  small  valley  which  traverses  sections 
23  and  24,  they  are  again  exposed.  The  stone  is  a  light  cream 
colored  dolomite  in  very  regular  layers,  durable,  easily  worked 
and  suitable  for  use  in  the  construction  of  the  higher  grades  of 
public  and  private  buildings.  Owing  to  distance  from  markets 
no  eifort  has  been  made  in  this  county  to  operate  quarries  at 
this  horizon;  but  it  should  be  known  that  the  formation  is,  in  all 
respects,  the  same  as  that  which,  in  Minnesota,  has  won  deserved 
reputation  under  the  trade  name  of  Kasota  limestone. 

Most  of  the  quarries  about  Hesper  and  Decorah  are  worked 
in  the  upper  beds  of  the  Platteville  limestone.  For  a  thickness 
of  five  or  six  feet  below  the  base  of  the  Decorah  shales  (the 
''Green  Shales"  of  authors)  the  Platteville  lies  in  regular  beds 
from  three  to  eight  or  ten  inches  in  thickness.  The  stone  is  not 
dolomitic,  but  is  firm  and  compact,  with  fine  even  grain,  gray  or 
drab  or  bluish  in  color  on  fresh  fracture,  but  bleaches  to  lighter 
shades  on  exposure  to  the  weather.  Stone  from  layers  at  this 
horizon  is  quite  durable  and  has  been  used  extensively,  particu- 
larly in  the  construction  of  the  earlier  buildings,  in  Decorah. 
In  the  neighborhood  of  Mill  spring,  and  between  the  spring  and 
the  Ice  cave,  a  large  amount  of  good  building  material  has  been 
taken  from  these  beds.  The  lower  quarry  of  Mr.  Halloran, 
located  northeast  of  the  city,  is  worked  in  the  Platteville  lime- 
stone. Another  quarry  near  the  north  end  of  the  Ice  cave  bridge 
(Fig.  6)  has  furnished  quite  an  amount  of  material  from  the 
same  formation.  Joints  are  so  distributed  that  pieces  ten  to 
twelve  feet  in  length  and  nearly  as  many  feet  in  width  may  be 
taken  from  the  quarries,  and  the  superior  resistance  of  the  rocK 
to  weather  and  mechanical  wear  fits  it  admirably  for  door  steps 
and  flag  stones. 

A  number  of  quarries  have  been  opened  in  the  Platteville 
limestone  around  Hesper.  The  one  which  has  been  worked  most 
constantly  is  located  south  of  the  village  and  is  operated  by  Mr. 
E.  H.  Weber.  Several  hundred  cords  are  taken  out  annually  and 
sell  at  the  quarry  for  $4.50  a  cord.  Mr.  Weber  has  been  operat- 
ing here  for  twenty  years.  The  lower  part  of  the  Decorah  shale 
is  in  position  above  the  quarry  stone  and  has  to  be  stripped  in 
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carrying  on  the  work.  In  the  species  and  grouping  of  the  fos- 
sils, the  shale  here  resembles  that  near  Waukon  in  Allamakee 
county  more  than  that  near  Decorah.  Only  the  beds  for  a  few 
feet  in  thickness  below  the  shale  are  taken  out  by  the  quarrymen, 
and,  during  the  many  years  of  operation,  the  stone  has  been 
removed  over  an  area  of  some  acres. 

In  the  lower  part  of  the  Platteville  formation  the  beds  are 
thicker  and  more  magnesian  than  in  the  quarries  described. 
There  are  found  here  the  ''Lower  Buff  Beds"  of  the  Wisconsin 
and  Iowa  geologists.  This  horizon  is  capable  of  furnishing  a 
superior  grade  of  building  stone,  especially  suited,  where  the 
beds  are  thickest,  for  bridge  piers  and  other  heavy  structures.  In 
point  of  durability  and  resistance  to  weather  the  Lower  Buff 
beds  have  few  superiors.  At  no  points  in  the  county  have  these 
beds  been  utilized  to  any  considerable  extent.  Individually  and 
in  the  aggregate  their  thickness  is  much  less  in  Winneshiek  than 
in  Dubuque  county.  The  heaviest  ledges  of  the  Lower  Buff  beds 
in  Winneshiek  county  were  seen  in  the  valley  of  the  Upper  Iowa 
in  the  vicinity  of  Freeport  and  farther  east. 

A  number  of  quarries  have  been  opened  in  the  Galena  lime- 
stone, above  the  level  of  the  Decorah  shale.  Many  are  small  and 
were  operated  only  temporarily  to  supply  some  immediate  local 
need.  At  no  point  does  quarrying  in  the  Galena  assume  com- 
mercial importance.  The  upper  (luarrv  of  Mr.  Hallorui  is 
worked  at  the  level  of  the  lower  Receptaculites  zone,  about  fifty 
feet  above  the  Decorah  shales.  The  quality  of  the  stone  is  not 
as  good  as  that  from  the  upper  part  of  the  Platteville.  The  bed- 
ding is  not  so  regular;  the  texture  is  less  uniform;  much  of  the 
stone  is  liable  to  split  into  small  chips  on  long  exposure  to  the 
weather.  There  is  a  large  quarry  at  Nordness  which  is  opened 
in  the  upper  beds  of  the  Galena.  The  Maquoketa  begins  only 
a  few  feet  above  the  exposure.  The  upper  beds  are  badly  checked 
and  weathered,  but  below  these  there  are  some  quite  firm  ledges 
varying  from  ten  to  fourteen  inches  in  thickness,  with  which 
there  is  associated  a  ten  inch  band  of  shale.  About  the  middle  of 
the  quarry  face  there  is  a  belt  of  irregularly  bedded  concretion- 
ary limestone,  three  feet  in  thickness,  altogether  lacking  in  the 
homogeneity  requisite  for  good  quarry  stone.    Below  this  belt 
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there  are  six  feet  of  more  regular  and  more  homogeneous  beds, 
with  some  of  the  individual  courses  fully  ten  inches  in  thickness. 
Another  quarry  at  the  same  horizon  as  that  at  Nordness  is 
opened  on  the  south  side  of  the  Yellow  river,  in  the  north  half 
of  the  northeast  quarter  of  section  13,  Bloomfield  township,  on 
land  belonging  to  the  estate  of  Mr.  Melvin  Green.  The  char- 
acteristics are  the  same  as  at  Nordness  except  that  there  are  sev- 
eral bands  of  shale,  ranging  from  two  or  three,  to  ten  inches  in 
thickness,  interstratified  with  the  limestone.  Another  quarry 
which  includes  the  uppermost  beds  of  the  Galena  is  located  on 
the  south  side  of  the  diagonal  road  in  the  southwest  quarter  of 
section  17,  Bluffton  township.  There  are  other  small  quarries, 
worked  temporarily  or  intermittently  to  supply  the  purely  local 
demands,  near  Kendalville,  Plymouth  Bock  and  Burr  Oak.  In 
the  southeast  quarter  of  section  7,  Fremont  township,  are  some 
small  quarries  opened  in  beds  of  dolomitized  Galena,  a  phase 
of  the  formation  resembling  that  at  Dubuque.  Dolomitization 
here  is  local,  being  restricted  to  an  area  of  three  or  four  square 
miles.  The  many  other  small  openings  in  the  Galena  limestone 
are  too  numerous  to  be  individually  noted. 

Much  of  the  Galena  limestone  is  very  unreliable.  When 
quarrying  has  been  carried  into  the  hillside  beyond  the  zone  of 
weathering,  the  ledges  may  appear  to  be  thick,  firm,  durable, 
suitable  for  any  kind  of  construction;  but  after  being  placed  in 
walls  and  exposed  to  alternations  of  temperature  and  the  chem- 
ical effects  of  air  and  moisture  they  split  into  thin  laminae  and 
eventually  break  up  into  small,  irregular  chips.  The  effect  is 
well  shown  in  the  portions  of  the  old  retaining  wall  still  standing 
around  the  court  house  square. 

Quite  an  amount  of  quarrying  has  been  done  in  the  Maquo- 
keta  formation.  The  Isotelus  zone  is  very  regularly  and  evenly 
bedded,  and  in  a  few  instances  it  is  firm  enough  to  serve  for 
building  stone.  One  quarry  at  this  horizon,  located  in  the  north- 
east quarter  of  Springfield  township,  was  noted  in  connection 
with  the  general  discussion  of  the  Maquoketa  beds.  In  some 
cases  the  strata  lying  between  the  Isotelus  zone  and  the  Cler- 
mont shale  are  capable  of  furnishing  a  fair  grade  of  building 
material  for  rough  walls  and  foundations;  but  the  principal 
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quarry  horizon  in  the  Maquoketa  is  that  of  the  Fort  Atkinson 
limestone.  This,  not  infrequently,  is  a  hard,  granular,  crystal- 
line dolomite  comparable  to  some  phases  of  the  Galena  limestone 
in  Dubuque  county.  At  Fort  Atkinson  quarries  have  been  worked 
in  this  formation  for  many  years,  and  one  of  these,  located  a 
few  yards  west  of  the  old  fort  (Fig.  12),  is  capable  of  yielding 
blocks  of  any  desired  dimensions  up  to  three  feet  in  thickness. 
Another  quarry  in  the  same  limestone,  on  the  east  side  of  the 
fort,  has  been  operated  intermittently  for  some  time  and  has 
furnished  quite  an  amount  of  fairly  good  material.  In  the  south- 
west part  of  Military  township  there  are  many  quarries  ana 
natural  exposures  in  the  Fort  Atkinson  beds.  The  small  quarry 
near  the  center  of  the  southwest  quarter  of  section  33  and  that 
near  Ossian  in  the  northwest  quarter  of  section  15,  will  be  found 
noted  with  some  detail  in  the  part  of  this  report  which  treats  of 
the  Fort  Atkinson  limestone.  On  the  north  side  of  the  Cresco- 
Calmar  ridge  the  Fort  Atkinson  formation  comes  to  the  surface 
and  is  quarried  near  the  center  of  the  southwest  quarter  of  sec- 
tion 27,  Springfield  township,  and  about  sixty  rods  south  of  the 
northwest  comer  of  section  5,  Bloomfield.  At  the  point  last 
named  the  rock  is  yellower,  softer,  less  crystalline,  than  at  Fort 
Atkinson.  The  rocks  of  this  horizon  become  more  earthy  or 
shaly  toward  the  northeast,  and  gradually  lose  the  qualities  of  a 
pure  dolomite  which  distinguish  them  at  the  type  localities  in 
Port  Atkinson  and  Clermont. 

A  small  amount  of  material  has  been  taken  out  at  a  few  points 
from  the  Niagara  limestone.  The  old  quarry  in  the  small 
Niagara  outlier  west  of  Festina,  near  the  northeast  corner  of 
section  22,  Washington  township,  has  been  noted  in  discussing 
the  Silurian  System.  No  stone  for  any  useful  purpose  has  been 
taken  from  any  phase  of  the  Devonian. 

Tiime. 

While  no  lime  is  now  manufactured  in  Winneshiek  county,  the 
materials  for  making  a  high  grade  product  are  not  wanting.  The 
upper  two-thirds  of  the  Oneota  is  particularly  well  suited  for 
this  purpose.  This  is  a  hard,  granular,  crystalline  dolomite  of 
much  the  same  character  as  the  Galena  limestone  which  is  so 
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successfully  made  into  lime  at  Eagle  Point,  Dubuque.  At  Water- 
viUe  in  Allamakee  county  lime  is  made  and  shipped  extensively, 
and  the  stone  used  is  the  Oneota,  the  same  stone  that  is  so  well 
developed  at  Highlandville  and  Canoe,  and  along  the  river  below 
Freeport,  in  Winneshiek  county.  The  non-dolomitic  Galena  for- 
mation in  Winneshiek  would  make  an  excellent  lime  if  it  were 
used  soon  after  it  is  burned,  but  it  will  not  keep  as  well  as  lime 
made  from  the  Oneota  dolomite.  It  is  liable  to  deteriorate  by 
becoming  air  slaked  if  kept  in  stock  for  even  a  comparatively 
short  time,  and,  if  in  this  condition  it  is  used  for  mortar,  it  is 
easily  crumbled  and  washed  out  of  the  joints.  The  greater  part 
of  the  Niagara  limestone  should  make  a  good  grade  of  lime. 
There  is  nothing  in  the  Devonian  that  can  be  recommended  for 
lime  making,  unless  it  may  be  the  small  amount  of  the  litho- 
graphic phase  in  section  7  of  Orleans  township. 

Clays. 

There  are  two  brick  yards  operated  in  Decorah,  and  these 
make  practically  all  the  clay  products  manufactured  in  the 
county.  The  raw  material  used  is  loess.  This  clay  is  worked 
as  it  is  taken  from  the  pit.  The  brick  are  sand  moulded  and 
dried  on  the  yard.  About  500,000  are  made  annually.  The 
loess  is  abundant  and  widely  distributed  throughout  the  county, 
being  found  everywhere  except  in  the  small  area  of  the  lowan 
drift.  Loess  clay  might  be  used  in  making  a  high  grade  of 
pressed  brick.  The  Maquoketa  clays,  the  Clermont  and  Brain- 
ard  shales,  are  not  used  at  any  point,  though  it  should  be  pos- 
sible to  obtain  Clermont  shale  with  little  difficulty  in  the  vicinity 
of  Fort  Atkinson.  This  is  the  clay  that  has  been  used  for  many 
years  in  making  brick  and  tile  at  Clermont  in  Fayette  county. 

Road  Materials. 

Materials  for  the  improvement  of  the  country  roads  and  vil- 
lage streets  are  abundant  in  the  form  of  limestones  and  gravels. 
Limestone,  easily  crushed  to  form  macadam,  may  be  found  con- 
venient to  almost  every  locality  in  the  county;  but  the  natural 
stores  of  road  materials  occur  in  the  beds  of  Buchanan  gravels 
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which  are  so  widely  and  generally  distributed  as  to  be  present 
in  practically  every  neighborhood.  The  most  abundant  deposits 
of  these  gravels,  as  already  noted,  are  along  the  stream  courses, 
beds  notable  for  their  extent  occurring  in  the  valley  of  the  Upper 
Iowa  below  Freeport. 

Water  Supplies. 

Streams  and  springs,  the  natural  sources  of  water  supplies, 
are  well  distributed  throughout  the  county.  Shallow  wells  In 
the  surface  deposits  are  important  sources  of  supply  in  portions 
of  the  county  where  the  drift  mantle  attains  considerable  thick- 
ness, and  the  deeper  wells  drilled  in  the  underlying  rock  are 
usually  successful  at  moderate  distances  from  the  surface.  The 
great  aquifer,  the  Saint  Croix  sandstone,  which  underlies  the 
whole  state  and  supplies  the  greater  part  of  our  artesian  waters, 
may  be  reached  at  any  point  in  Winneshiek  county  with  no  great 
amount  of  drilling. 

With  a  few  possible  exceptions  along  Bear  creek,  the  springs 
of  the  county  are  all  fed  by  ground  waters  which  have  never 
reached  a  depth  of  more  than  a  few  score  of  feet  beneath  the 
surface.  For  example,  the  most  important  spring  horizon  is  at 
the  base  of  the  Galena  limestone.  This  formation  is  cut  by 
numerous  intersecting  joints  along  which  the  ground  waters 
move  with  great  freedom.  The  large  number  of  sink  holes  that 
pit  the  surface  over  much  of  the  area  where  the  Galena  is  the 
bed  rock,  constitute  one  of  the  ways  whereby  water  finds  access 
to  the  fissures  referred  to.  The  descent  of  the  waters  below  the 
base  of  the  Galena  is  stopped  by  the  impervious  bed  of  Dc^corah 
shale.  When  valleys  are  cut  below  this  horizon,  the  waters  find 
exit,  and  always  on  the  side  where  the  rocks  are  dipping  toward 
the  valley.  Cold  spring,  a  few  miles  northwest  of  Bluflfton,  are 
Mill  spring,  on  the  north  side  of  the  river  opposite  Decorah,  are 
among  the  noted  springs  of  the  county,  whose  position  is  deter- 
mined by  the  Decorah  shale.  In  both  cases  the  waters  come  to 
the  surface  a  few  feet  above  the  level  of  the  shale  horizon.  There 
are  a  few  small  springs  along  the  plane  between  the  Glonwood 
shale  and  the  Platteville  limestone. 
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There  are  springs  of  the  shallow  type  represented  by  those 
from  the  Galena  limestone  in  the  eastern  part  of  section  1,  Jack- 
son township.  At  this  point,  however,  the  jointed  limestone  is 
the  Fort  Atkinson,  and  the  impervious  bed  beneath  is  the  Cler- 
mont shale.  At  least  one  spring  in  Washington  township,  in  the 
northeast  quarter  of  the  northwest  quarter  of  section  35,  is  due 
to  ground  water  in  fissures  in  the  Niagara  limestone  finding  exit 
on  top  of  the  Brainard  shale. 

The  contact  plane  between  the  Jordan  sandstone  and  the 
Oneota  limestone  is  another  horizon  along  which  springs  occur. 
The  spring  at  Highlandville,  and  other  springs  between  High- 
landville  and  Quandahl,  are  due  to  waters  from  the  Jordan 
sandstone,  which  probably  rise  as  a  result  of  hydrostatic  pres- 
sure and  flow  out  because  corrasion  of  the  valley  has  cut  into 
the  upper  part  of  the  aquifer. 

Water  Powers. 

The  streams  of  Winneshiek  county  are  capable  of  furnishing 
a  large  amount  of  water  power.  Power  has  been  developed  on 
the  Oneota  or  Upper  Iowa  river  at  Kendallville,  Plymouth  Bock, 
Bluffton,  Decorah  and  Freeport.  Some  of  these  plants  have 
been  allowed  to  fall  into  decay,  but  the  possibilities  are  there 
still,  and  in  the  future  all  available  sources  of  water  power  are 
certain  to  be  in  demand.  There  are  good  power  properties  on 
the  Turkey  river  at  Spillville  and  Fort  Atkinson.  Along  the 
smaller  streams,  such  as  Bear  creek  and  Canoe  creek,  there  are 
opportunities  for  developing  and  maintaining  water  powers 
very  much  greater  than  have  yet  been  realized.  Mill  spring  near 
Decorah  is  an  example  of  a  fair  sized  stream  issuing  on  the  hill- 
side, many  feet  above  the  valley,  and  affording  head  sufficient  to 
do  quite  an  amount  of  useful  work. 

Gold. 

Winneshiek  is  one  of  the  counties  in  which  reports  of  the  dis- 
covery of  gold  in  the  stream  gravels  have  been  in  almost  con- 
stant circulation  since  the  earliest  occupation  of  the  territory 
by  the  white  man.  Quite  an  amount  of  work  was  done  in 
attempts  to  recover  gold  between  1855  and  1865,  and  there  was 
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a  very  active  interest  in  the  subject  as  late  as  1903.  No  sub- 
stantial basis  for  the  remarkable  claims  made  by  the  gold  hunt- 
ers could  be  discovered,  and  it  is  safe  to  say  that  none  ever 
existed.  A  few  flakes  of  gold  may  possibly  occur  in  sands  and 
gravels  derived  from  the  drift,  the  precious  metal  having  been 
brought  from  the  auriferous  ledges  of  the  Rainy  lake  region  by 
the  glacial  ice;  but  it  would  require  unusual  patience  and  per- 
sistence on  the  part  of  the  prospector  to  discover  even  a  single 
*' color."  The  citizens  of  Winneshiek  may  rest  assured  that 
neither  in  their  county  nor  in  any  part  of  Iowa  will  gold  mining 
in  any  form  ever  become  a  profitable  industry. 

Oaves. 

The  Galena  limestone  is  notable  for  the  great  number  of 
fissures  and  caverns  which  it  contains.  Openings  in  the  forma- 
tion appear  in  the  faces  of  bluffs,  and  their  presence  is  indi- 
cated over  extensive  areas  of  upland  by  the  great  numbers  of 
sink  holes  which  pit  the  surface.  Enlargement  of  fissures  has 
given  rise  to  caverns  or  caves. 

The  Glenwood  cave  is  typical  of  its  kind.  The  location  is  in 
the  face  of  a  bluff,  less  than  one-fourth  of  a  mile  south  of  the 
center  of  section  34,  Glenwood  township.  There  is  here  a  large 
grotto  forty  feet  high  in  front  and  diminishing  rapidly  in  hight 
to  about  eight  feet,  at  a  distance  of  sixty  feet  from  the  entrance. 
At  this  point  the  cave  proper  ends,  and  the  opening  beyond  that 
is  reduced  to  a  comparatively  small  fissure.  The  mouth  of  the 
cave  is  a  pointed  arch  which  is  nearly  thirty  feet  wide  at  the 
base.  The  limestone  forming  the  roof  and  walls  is  shattered  to 
small  chips  by .  weathering,  and  the  appearance  is  somewhat 
rough  and  ragged.  The  floor  of  the  cave  is  not  far  above  the 
level  of  the  Decorah  shale,  which  appears  in  the  bed  of  the  creek 
a  short  distance  to  the  north.  The  lower  zone  of  Receptaculites 
oweni  Hall,  is  involved  in  the  walls  and  roof,  fragments  of  the 
fossil  being  found  amongst  the  fallen  waste  which  strewed  the 
floor.  The  cave  affords  exit  for  one  of  the  numerous  under- 
ground streams  which  traverse  the  fissures  of  the  Galena  lime- 
stone. 
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Mill  spring  at  Decorah  issues  from  a  somewhat  similar  cave, 
but  tumbled  blocks  from  the  walls  and  roof  obstruct  the  entrance. 
The  geological  horizon  is  the  same  as  at  the  Glenwood  cave.  The 
floor  is  a  few  feet  above  the  Decorah  shale,  and  Receptaculites 
aweni  is  seen  in  the  face  of  a  bluff  a  short  distance  above  the 
level  of  the  spring  pool.  Cold  spring,  a  few  miles  northwest  of 
Bluffton,  flows  out  of  a  low  roofed  cavern  in  the  Galena  lime- 
stone. 

The  Decorah  Ice  cave  is  the  most  noted  of  the  caverns  in  this 
county,  the  most  noted  in  the  state  of  Iowa.    The  location  is  in 
the  face  of  the  bluff  on  the  north  side  of  the  river,  opposite 
Decorah.    The  cave  is  entered  from  a  recess  at  right  angles  to 
the  trend  of  the  cliff,  and  the  direction  taken  by  the  chamber  is 
practically  parallel  to  the  outer  surface.    The  opening  is  in  fact 
an  enlarged  fissure,  one  of  the  numerous  east-west  joints  which 
cut  through  the  Galena.    The  cliff  face  is  merely  a  joint  face, 
and  the  cave  is  opened  along  the  next  parallel  joint.    The  mass 
of  limestone  between  the  cavern  and  the  front  of  the  cliff  has 
settled  and  slipped  outward  at  the  base,  the  movement  being 
due  to  the  yielding  of  the  underlying  Decorah  shale.    A  short 
distance  east  of  the  Mill  spring  ravine,  not  far  from  the  home  of 
Mr.  John  0.  Void,  there  is  an  exposure  of  Decorah  shale,  and 
on  the  slope  above  the  shale  there  is  a  great  column  of  Galena 
limestone  which  has  crept  out  at  the  base  on  the  yielding,  slip- 
pery shale  and  assumed  a  nearly  horizontal  position.    The  rela- 
tions of  the  strata  involved  in  the  displaced  mass  remain  practi- 
cally undisturbed.  The  widening  of  the  Ice  cave  is  due  to  similar 
creep,  but  the  amount  of  the  movement  has  been  very  much  less. 
The  Ice  cave  has  attracted  attention  from  the  fact  that  the 
walls  are  dry  and  bare  in  the  late  autumn  and  the  first  two 
months  of  winter,  and  are  coated  with  ice  during  the  spring  and 
early  summer.    Ice  is  formed  commonly  on  the  north  wall.  The 
amount  varies  greatly  from  year  to  year,  but  generally  the 
maximum  thickness  is  attained  between  the  first  and  the  mid- 
dle of  June.    Later  in  summer  the  ice  is  gradually  melted,  and 
it  may  disappear  completely  early  in  August.    No  two  seasons, 
however,  are  necessarily  just  alike,  so  far  as  relates  to  the  thick- 
ness of  the  ice,  or  the  times  of  its  appearing  and  disappearing. 
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Much  depends  on  the  intensity  and  duration  of  the  cold  of  the 
preceding  winter.  Dr.  C.  A.  White,  when  serving  as  State  Geo- 
logist of  Iowa,  visited  the  cave  on  June  1,  1869,  and  he  records 
in  his  report,  Vol.  I,  page  80,  that  ''the  ice  seemed  dry  and 
well  frozen,  and  was  evidently  accumulating  at  the  time  of  our 
visit.  ^'  On  the  22nd  day  of  July,  1877,  the  writer  found  the  north 
wall  covered  with  a  thick  sheet  of  ice,  and,  under  the  conditions 
of  very  low  temperature  then  existing,  several  weeks  must  have 
elapsed  before  the  ice  was  all  melted.  Some  of  it  may  have  been 
present  until  well  on  into  September. 

Between  July  1, 1897,  and  July  16, 1898,  Mr.  A.  F.  Kovarik  of 
Decorah  carried  on  a  series  of  observations  on  the  Ice  cave,  the 
most  important  that  have  yet  been  made.  The  results  of  his 
work  were  published  in  the  Scientific  American  Supplement,  No. 
1195,  issued  for  November  26,  1898.  From  this  paper  I  quote 
freely  the  facts  which  follow.  The  cave  divides  into  two  branches 
at  a  distance  of  twelve  meters  from  the  entrance,  one  branch 
leading  southward  into  a  small  chamber  having  an  opening 
upward  to  the  outer  air;  the  other  leading  westward  into  the 
ice  chamber.  At  six  meters  from  the  division  is  the  point  where 
the  ice  accumulates  to  the  greatest  thickness,  a  point  called  by 
Mr.  Kovarik  the  ''Locus  Glacialis.''  According  to  the  excellent 
report  before  me  the  greatest  thickness  in  1897  was  attained 
July  1,  when  it  was  about  25  cm.,  or  ten  English  inches.  From 
then  the  thickness  gradually  decreased,  so  that  July  17,  it  was 
only  15  cm. ;  July  24,  10  cm. ;  and  by  September  3  all  the  ice  had 
disappeared.  After  September  3,  the  temperature  gradually 
rose  until  October  16,  when  it  reached  its  highest  point,  +8.3°  C, 
or  about  the  temperature  of  a  cold  spring;  from  thence, a  gradual 
decrease  in  temperature  continued  till  the  time  of  the  lowest 
point.  This  was  February  26,  1898,  when  the  thermometer 
showed  — 6.6° C.  In  1898  the  ice  at  Locus  Glacialis  fi:rst  appeared 
about  May  29.  Two  weeks  before  that  time  water  was  dripping 
from  the  crevices  between  the  north  and  south  walls.  Beginning 
with  May  29,  the  ice  rapidly  increased  in  mass,  and  by  June  12, 
the  time  of  maximum  quantity,  the  ice  covered  the  wall  for  a 
width  of  nearly  two  meters,  having  the  greatest  thickness  of 
29  cm.    The  decrease  was  rapid  in  1898;  July  16,  only  a  small 
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quantity  was  found,  and  by  August  1  all  the  ice  had  disappeared. 
The  following  table  is  quoted  from  the  paper  of  Mr.  Kovarik; 
the  temperatures  are  given  in  degrees  Centigrade. 

IN  THE  VALLEY.  LOOU8 

TIMB.  (oHJLDK)  DIVISION.  GLAOIALIS.     END. 

July    1,  1897 +33.3  +2.2  0.0  0.0 

July   27,  1897 +21.1  +5.0  0.0  0.0 

August   14,   1897     +32.2  +5.8  +3.1  0.0 

September  3,   1897 +32  2  +  7.2  +3.1  +8  3 

September  18.    1897. ...  .+33.9  +86  +6.1  +8. 3 

October  16,   1897 +  24  0  +10.0  +8.3  +8  3 

October  30,   1897 +  10.0  +7.2  +4.7  +5.0 

December  11,  1897 —  22  —  2.7  —1.1  —2.2 

January  8,  1898 0.0  —2.7  —3.9  0  0 

January  22.     1898 —  5.0  —  «.l  —3.9  —3.9 

February  26.  1898 0.0  —6.6  -6.6  —5.0 

March  12,   1898 +   2.8  —1.6  —2.7  -2  7 

March  26,  1898 +   8.8  —  1.7  —1.6  —1.1 

April  16.  1898 +  25.6  —1.4  +1.1  —1.1 

April  30.   1898 +  13.9  +1.1  -1.1  —1.1 

May  28,  1898 +  17.2  +1.7  —0.3  0.0 

June  9.   1898 +  25.0  +1.7  -0.3  0  0 

June   18.   18d8 +  28.3  +    1.7  —0.2  0.0 

July  16,  1898 +  35.0  +7.2  0.0  +2.2 

From  this  table  it  will  be  seen  that  the  popular  notion  that  ice 
melts  in  the  cave  in  winter  and  freezes  in  summer  is  not  quite 
correct.  It  is  true  that  freezing  does  take  place  in  the  summer^ 
but  the  table  shows  the  impossibility  of  anything  like  melting  in 
the  winter.  Early  in  the  winter  the  temperature  in  the  cave 
reaches  the  freezing  point,  about  as  early  as  it  is  reached  in  the 
air  outside ;  and  with  rare  exceptions  a  freezing  temperature  is 
maintained  until  late  in  the  following  summer.  After  the  ice 
disappears  in  late  summer  the  temperature  rises  above  the  freez- 
ing point,  and  so  long  as  this  condition  lasts  no  ice  can  be 
formed.  By  the  middle  of  December,  when  the  temperature  of 
the  cave  has  fallen  below  freezing,  all  moisture  near  the  surface 
has  been  sealed  by  frost,  circulation  is  stopped,  no  water  finds 
its  way  into  the  cave,  no  ice  is  formed,  though  the  temperature 
is  low  enough  to  congeal  water  if  only  it  were  present.  The 
formation  of  ice  begins  when  the  ground  thaws  in  spring  and 
the  released  waters  can  percolate  into  undergound  fissures  and 
caverns.    The  cold  that  freezes  ice  in  May  or  June  is  the  cold  of 
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the  preceding  winter.  The  walls  of  the  caverns  may  be  chilled 
for  some  distance  from  the  surface  to  a  temperature  many 
degrees  below  the  zero  of  our  ordinary  Fahrenheit  thermometers 
and  water  may  be  congealed  by  simple  contact  with  such  a  sur- 
face. The  Ice  cave,  however,  is  but  a  part  of  the  great  system 
of  intersecting  fissures  and  caverns  that  cut  through  the  Gal- 
ena limestone  in  many  directions,  the  master  joints  being  here, 
as  elsewhere,  east  and  west  There  are  miles  of  these  joints  con- 
necting one  with  another  in  the  hills  about  Decorah,  and  they 
represent  millions  of  cubic  feet  of  air  space.  If  the  winter 
should  be  severe  and  the  cold  protracted,  these  spaces  may  be 
filled  with  air  having  a  temperature  below  zero  Fahrenheit. 
With  the  advent  of  warm  weather  the  colder,  denser  air  flows 
out  and  may  maintain  a  low  temperature  in  the  openings  through 
which  it  escapes  for  some  time  after  summer  has  fairly  set  in. 
As  shown  by  McGee,  the  rapid  expansion  of  this  air  as  it  issues 
from  an  orifice,  would  tend  still  further  to  reduce  the  tempera- 
ture as  in  the  case  of  an  artificial  ice  machine,  but  the  main  cause 
of  the  freezing  observed  in  glacieres  like  the  Decorah  Ice  cave 
will  be  found  in  the  stored  up  **cold"  of  the  preceding  winter.* 
That  there  is  a  movement  of  air  into  the  cave  in  winter  and  out- 
ward in  summer  is  confirmed  by  the  observations  of  Mr.  Kov- 
arik.  On  July  1,  1897,  he  found  a  cold  breeze  coming  from  the 
cave,  which  was  noticeable  thirty  meters  from  the  entrance.  At 
the  entrance  the  breeze  was  so  strong  as  to  make  it  impossible 
to  light  an  ordinary  match,  and,  near  the  floor,  it  would  blow 
out  the  flame  of  a  candle.  From  December  11, 1897,  till  February 
26, 1898,  he  found  the  air  flowing  into  the  cave.    In  this  way  we: 

*For  explanation  of  the  phenomena  of  Freezing  Oayerns,  and  especiallj  of 
the  Decorah  Ice  Oave,  the  reader  may  consult  the  folio  wins:  references: 
WHITE.— Report  on  the  Qeol.  Surv.  of  the  State  of  Iowa,  By  Charles  A.  White, 

M/D.,  Vol.  I.  paffeSO.    Des  Moines.  1870. 
KOVABIK.— The  Decorah  Ice  Gave  and  its  Explanation,  By  Alois  F.  KoTarik. 
Scientific  American  Supplement,  No.  1196,  pasre  19168,  NoYember 
26,  1806. 
BALOH.— Qlacieres  and  Freezinsr  Oayern8,By  Edwin  Swift  Balch,  pasres,  88,  89, 
177.    Forjreneral  discussion  of  causes  of  subterranean  ice,  see  pa^es 
186-161.    Philadelphia,  1900. 
KIMBALL. -Ice  Caves  and  Frozen  Wells  as  Meteoroloeioal  Phenomena,  By^ 
H.  H.  Kimball.    Monthly  Weather  Beyiew,  Vol.  XXIX.  pasre  866. 
Washinsrton,  1901. 
'  McQEE.—Ice  Caves  and  Frozen   Wells.    By    W     J     McQee.    The    National 
Qeo^raphic  Magazine.  Vol.  XII,  pasre  488.    New  York.  1901. 
KIMBALL-Ice  Caves  and  Freezins:   Wells,    By    H.    H.    Kimball.    Monthly 
Weather  Review.  Vol.  XXIX,  pasre  609.    Washington,  1901. 
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can  imagine  the  great  limestone  chambers  were  filled  with  air 
at  a  temperature  below  the  freezing  point.  The  later  outward 
movement  of  this  stored  up  winter  air  maintained  in  the  cave  a 
temperature  at,  or  near  to  0  °  Centigrade,  throughout  the  months 
of  spring  and  early  summer. 
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BY  B.  SHIMBK. 

Winneshiek  county  presents  a  flora  of  unusual  richness.  Both 
because  of  its  geographic  position  and  its  varied  surface  features 
it  offers  conditions  which  have  made  possible  the  development 
of  a  variety  of  plants  scarcely  equalled  in  any  other  county  of 
the  state..  Its  northerly  position  and  its  rough  topography, 
especially  along  the  Upper  Iowa  or  Oneota  river  have  brought 
a  northerly  flora,  such  as  belongs  to  the  heavily  wooded  regions 
of  Minnesota  and  Wisconsin ;  its  wooded  knobs  and  ridges  along 
the  Turkey  and  the  head  waters  of  the  Yellow  rivers  remind  one 
of  the  rough  wooded  areas  of  southern  Iowa ;  while  the  prairies 
are  but  a  continuation  of  the  greater  prairies  of  the  west.  Each 
of  these  territories  presents  a  variety  of  conditions.  The 
roughest  includes  the  driftless  area  and  the  drift  border,  with 
their  deep  gorges  with  narrow  alluvial  bottoms,  their  exposures 
of  both  sandstones  and  limestones,  their  shaded  mossy  banks 
and  wooded  slopes  with  not  infrequent  small  bogs,  and  their 
drier  wooded  ridges  with  occasional  treeless  barren  summits ;  the 
more  southerly  timbered  ridges  present  somewhat  similar  con- 
ditions, but  without  the  prominent  rock-exposures,  and  with 
floral  areas  less  sharply  defined  than  those  which  characterize  a 
region  cut  by  deep  gorges ;  and  the  treeless  areas  include  both 
the  rich  level  prairie  and  the  prairie  bogs  of  the  lowan  drift,  and 
the  more  rolling  and  drier  prairie  of  the  Kansan.  The  soils  are 
derived  chiefly  from  loess  and  drift  (which  are  discussed  else- 
where in  this  report),  and  therefore  vary  comparatively  little  in 
chemical  composition.  Occasionally  coarser,  sandy  material 
appears  on  the  ridges,  but  on  the  whole  a  finer  soil  prevails, 
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its  fertility,  however,  varying  with  topography  and  plant-cover- 
ing, and  with  the  consequent  possibility  of  retaining  the  humus- 
laden  surface  soil.  Alluvial  tracts  are  not,  for  the  most  part, 
of  great  extent  in  the  county,  being  limited  by  the  narrow 
valleys.  In  the  rougher  parts  sandy  and  rocky  tracts  are 
frequent. 

The  investigations  upon  which  this  report  is  chiefly  based 
were  carried  on  largely  during  the  spring,  summer  and  fall  of 
1903.  Every  township  in  the  county  was  visited,  and  certain 
typical  localities  were  more  thoroughly  studied.  Thus  Moneek 
and  Ft.  Atkinson  were  selected  for  the  study  of  the  flora  of  the 
rougher  territory  of  the  two  principal  river  systems  in  the 
southern  part  of  the  county;  the  vicinity  of  Calmar  for  the 
southerly  prairie,  and  Orleans  township  and  Bluffton  for  that 
in  the  western  part  of  the  county;  for  the  rougher  wooded  region 
the  entire  gorge  of  the  Oneota  was  traversed  a  number  of  times 
across  the  county,  Decorah,  BluflFton  and  Kendallville  being  the 
main  centers  of  investigation,  while  the  hilly  country  bordering 
Canoe  creek  and  Bear  creek  received  some  attention;  and  the 
vicinity  of  Hesper,  with  its  woods  and  prairies,  and  unique 
exposures  of  St.  Peter  sandstone  proved  the  richest  and  most 
interesting  single  locality  in  the  county. 

The  flora  of  this  county  had  received  some  previous  attention. 
Arthur's  ''Flora  of  Iowa"*  contains  numerous  references  to 
plants  from  this  county,  which  are  based,  at  least  in  large  part, 
on  material  furnished  by  Mrs.  M.  C.  Carter  of  Hesper,  and  Mr. 
E.  W.  D.  Holway,  formerly  of  Decorah;  individual  references 
are  also  made  to  Winneshiek  county  plants  by  a  number  of  other 
authors  who  did  not  secure  the  material  themselves,  but  received 
it  from  others — chiefly  from  Mrs.  Carter,  and  Messrs.  E.  W.  D. 
Holway,  Herbert  E.  Goddard,  Thos.  E.  Savage,  Alois  Kovarik, 
and  E.  Orr.t 

^Contributions  to  the  Flora  of  Iowa,  J.  C.  Arthur,  1876*  with  oontinuation,  Nos  II 
VI  in  the  Prooeedinsrs  of  the  Davenport  Academy  of  Natural  Scienoes,  Vols.  Ill  and  IV 

tSnch  are  the  following: 

Cerantium  arvense  Tar.  fiblonoi/oUum  n.  var  ,  fiollick  and  Britton.  Bull. 
To  rr  Bot  Club.  Vol    XIV.  1887 

«^  ?^°i?*.  ^^  >t®  Aquatic  Phenoffams  of  Iowa.-R.  I.  Cratty.  Bull    Lab.  Nat  Hist., 
State  Univ  of  Iowa.  Vol   III.  1896 

An  illustrated  Flora,  etc.,  Brittoa  and  Brown.  8  Vols. ,  1896-1898. 
_   The  Cyperaceee  of  Iowa.  B.  I.  Cratty.   Bull.  Lab.  Nat  Hist  ,  State  Univ.  of  Iowa, 
Vol.  IV.  1898. 

The  Iowa  Pteridophyta,  B   Shimek.  ibid..  Vol.  V.  1901 
,^  The  Vascular  Cryptogams  of  Iowa.  etc..  L.  H   Pammel.  Proc  la  Acad.  8cL.  Vol. 
IX.  1902.  also  reprint,  as  Cont.  No.  20.  Bot.  Dep't,  la.  8.  Col.  of  A.  and  M.  A. 

Manual  of  Botany  of  the  No.  U.  B..- Asa  Gray,  several  editions. 

Manual  of  the  Flora  of  the  U.  S..~N.  L.  Britton.  1st  ed.,  1901, 2nd  ed.,  1906. 
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Aside  from  the  resident  students  of  botany  the  most  extensive 
collectors  have  been  the  following : 

Mr.  T.  J.  Fitzpatrick,  who  made  a  trip  down  the  Upper  Iowa 
in  company  with  Dr.  Paul  Bartsch  in  the  smnmer  of  1895.  He 
has  published,  in  part  jointly  with  Mrs.  Fitzpatrick,  a  number 
of  reports  on  the  plants  collected,*  including,  however,  a  large 
number  of  plants  obtained  from  other  collectors. 

Prof.  Thos.  E.  Savage,  who  visited  the  county  in  the  spring 
of  1899.  A  small  part  of  his  collection  was  noted  in  some  of  the 
references  cited,  but  the  greater  part  is  here  reported  for  the 
first  time. 

The  present  writer,  who  made  a  number  of  trips  to  the  county 
in  1902  and  1903.  His  collections  and  those  of  Prof.  Savage  are 
now  in  the  Herbarium  of  the  State  University.  They  include 
a  large  number  of  lower  cryptogams,  especially  fungi,  lichens 
and  mosses,  a  report  upon  which  cannot  be  here  included. 
Two  short  reports  treating  of  the  plants  of  the  county  have  been 
published  by  the  writer,*  and  in  the  present  paper  it  is  purposed 
to  report  upon  all  the  plants  obtained  in  the  field,  and  also  to 
include  such  as  have  been  definitely  reported  from  the  county  by 
others. 

All  the  papers  treating  of  Winneshiek  county  plants  which 
have  been  heretofore  published,  have  been  little  more  than  mere 
annotated  lists.  Very  little  attention  has  been  paid  to  the  eco- 
nomic value  of  the  native  plants,  though  this  is  often  note- 
worthy, and  the  public  has  treated  them  rather  as  an  undesirable 
encumbrance  which  must  be  removed  as  soon  as  possible  to  make 
way  for  the  plants  of  the  field  and  pasture.  Aside  from  the  use 
which  we  may  make  of  individual  plants  or  their  products,  the 
native  flora  has  a  vastly  more  important  function  whose  influ- 
ence extends  far  beyond  the  limits  of  any  particular  tract  of 
land  upon  which  it  is  developed,  especially  in  a  territory  with  a 
much  broken  surface  such  as  is  found  in  this  county.  It  develops 
a  better  soil,  conserves  moisture,  and  prevents  erosion  and  the 

•Notes  on  the  Flora  of  Northeastern  Iowa.— Proc.  la.  Acad.  Sci.,  Vol.  V,  1898. 

Manual  of  the  Flowering  Plants  of  Iowa.  1899.  . , 

The  Orchidaceee  of  Iowa,-Proc.  la.  Acad   Sci..  Vol.  VII.  1900. 

The  Scrophuiariacese  of  Iowa.— Proc.  la.  Acad.  Sci.,  Vol.  X,  1908. 

♦The  Flora  of  the  St.  Peter  Sandstone  in  Winneshiek  County.  Iowa,  Bull.  Lab.  Nat. 
Hist.,  8.  U.  I.,  Vol.  V.  1904 

Notes  on  Some  Iowa  Plants, -Proc.  Dav.  Acad   Sci.,  Vol.  X,  1904. 
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consequent  clogging  of  our  streams  with  sand  and  mud.  It  is 
superior  to  any  aggregation  of  cultivated  or  pasture  plants  for 
the  reason  that  it  is  not  removed  to  leave  the  soil  bare  during  a 
large  part  of  the  year,  as  is  the  case  with  cultivated  crops,  and 
it  is  not  eaten  or  tramped  upon  by  cattle  as  in  the  case  of 
pastures.  Moreover,  through  long  adjustment  to  existing  con- 
ditions the  native  plants  are  perfectly  adapted  to  the  various 
surfaces  upon  which  they  occur,  and  they  have  become  more 
pliant  under  the  varying  moods  of  our  uncertain  climate.  They 
are,  therefore,  more  certain  of  persisting,  and  thus  continuing 
their  benificent  influence.  In  a  rough  country  the  dangers  from 
erosion  and  desiccation  are  great,  not  only  to  the  land  itself,  but 
to  the  streams  and  water-courses.  The  steeper  slopes  should 
never  be  cleared  of  their  covering  of  native  vegetation,  either  by 
cultivation  or  by  pasturing,  for  not  only  will  they  not  be  profit- 
able, but  they  will  be  a  menace  to  better  lands  and  to  valuable 
springs  and  streams. 

But  aside  from  these  uses  to  which  all  our  native  plants  lend 
themselves  more  or  less  readily,  many  of  them  more  directly,  and 
therefore  more  appreciably,  aflFect  the  interests  of  man.  Among 
the  questions  to  which  this  usefulness  of  plants  gives  rise  may 
be  mentioned  the  problems  of  the  forests,  weeds,  ornamental 
plants,  medicinal  plants,  and  consideration  of  rusts,  smuts  and 
other  fungi  which  attack  plants.  The  last  subject  has  received 
much  attention  locally  from  Mr.  Holway  and  will  not  be  dis- 
cussed here. 

I.    The  Forest  Problem. 

Originally  not  less  than  one-fourth  of  the  surface  of  Winne- 
shiek coxmty  was  covered  with  forest.  This  was  sometimes 
scant,  as  upon  the  rocky  slopes  and  drier  hill-tops,  or  consisted 
of  trees  of  but  little  value,  as  upon  the  narrow  lower  bottom 
lands.  Here,  as  elsewhere,  the  forest  was  developed  chiefly  upon 
poorer  soils.  The  sandy  alluvial  bottom  lands,  the  rocky  slopes, 
the  gravelly  or  clayey  hills — these  formed  the  favorite  habitat 
of  trees.  Even  where  a  veneer  of  rich  soil  and  leaf-mould 
appeared  it  was  the  effect  rather  than  the  cause  of  the  forest. 
The  forest  prevented  erosion ;  it  retained  moisture  which  made 
easier  the  disintegration  of  both  organic  and  inorganic  mater- 
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ials;  it  annually  contributed  its  leaves  to  the  accumulating  soil; 
it  harbored  worms  and  other  burrowing  animals  which  brought 
fine  soil-materials  to  the  surface ;  and  in  its  shelter  the  burden 
of  dust-laden  winds  was  deposited.  So  man  thought  that  he  saw 
alluring  promise  in  the  richness  of  the  forest  soil,  and  this 
coupled  with  the  prospect  of  immediate  gain  from  its  products, 
led  him  to  remove  the  forest.  But  an  awakening  has  already 
come,  and  men  realize  that  with  the  removal  of  the  riches  of  the 
forest  they  also  lose  the  richness  of  the  soil,  for  the  rains  and 
melting  snows  quickly  strip  it  from  the  hillsides.  The  land  is 
then  practically  worthless,  for  it  will  make  neither  field  nor 
pasture — it  is  fit  only  for  growing  trees,  as  it  has  grown  trees 
in  the  past.  Few  counties  in  the  state  have  suffered  more  than 
Winneshiek  in  this  respect.  The  principal  forest  areas  were  in 
the  roughest  territory,  unsuited  to  the  ordinary  purposes  of 
agriculture.  Man's  greed  and  thoughtlessness  combined  in  many 
cases  to  strip  the  best,  if  not  all,  of  the  forest  from  these  hill- 
sides, but  this  was  not  the  gravest  error,  for  if  left  to  its  own 
resources  the  forest  would  renew  itself.  But  an  attempt  was 
made  in  many  cases  to  cultivate  or  pasture  the  stripped  areas, 
and  this  was  done  on  the  steepest  slopes  with  uniformly  dis- 
asterons  results.  More  acres  were  cultivated  that  still  other 
acres  might  be  secured,  under  the  pretext  that  the  children  of 
the  land-holder  must  not  be  left  without  inheritance.  The  desire 
for  immediate  gain  was,  however,  responsible  for  this,  for  men 
had  not  yet  learned  that  a  growing  forest  is  one  of  the  most 
splendid  legacies  which  they  may  leave  to  their  children.  The 
best  of  the  legacy  which  we  ourselves  received  has  been  dis- 
sipated, in  Winneshiek  county  as  elsewhere,  but  conditions  for 
the  renewal  of  the  forest  are  here  very  favorable.  There  are 
three  distinct  forest  areas  in  the  county,  drained  respectively 
by  the  Upper  Iowa,  the  Turkey  and  the  Yellow  rivers.  Of  these 
the  first  is  much  the  largest  within  the  county,  but  all  agree  in 
having  a  relatively  large  amount  of  adjacent  rough  land,  as  has 
been  noted.  Much  of  this  land  is  worthless,  or  at  least  of  little 
value,  for  agricultural  purposes,  and  it  would  entail  but  little 
present  loss,  and  would  vastly  benefit  posterity,  if  given  over  to 
the  cultivation  of  timber.  This  would  not  require  a  large  amount 
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of  expensive  nursery  stock,  nor  great  labor  in  the  cultivation  of 
the  soily  nor  assiduous  attention  to  the  welfare  of  the  trees.  The 
territory  is  so  well  adapted  to  the  growth  of  trees  that  it  is 
necessary  only  to  strew  seed  on  the  ground  in  suitable  places, 
and  to  keep  out  stock  and  fires,  and  the  forest  will  take  care  of 
itself.  For  this  purpose  seed  should  be  gathered  in  considerable 
quantity,  preferably  from  nearby  trees,  and  should  not  be  per- 
mitted to  become  too  dry.  Seed  maturing  in  spring  or  early 
summer  may  be  scattered  at  once  if  the  land  is  not  devoid  of 
other  vegetation,  or  it  may  be  covered  with  a  thin  layer  of  sand 
or  soil  in  a  shady  place  and  left  until  fall.  Seeds  and  fruits 
which  mature  in  autumn  should  be  scattered  just  before  the 
leaves  begin  to  fall.  They  will  thus  be  better  protected  both 
against  the  severity  of  winter,  and  against  squirrels  and  chip- 
munks. Less  than  one-half  the  seed  sown  in  this  manner  will 
germinate,  and  for  that  reason  it  should  be  scattered  liberally. 
With  a  little  care  it  may  be  secured  in  abundance  from  native 
or  acclimated  trees,  practically  without  expense,  in  connection 
with  a  pleasant  summer  or  autunm  outing.  If  a  little  trouble  is 
taken  each  year  to  re-seed  where  the  stand  is  thin,  to  remove 
rotting  wood  in  order  that  it  may  not  spread  its  infection  by 
scattering  countless  spores  of  fungi,  to  trim  out  excessive  under- 
brush, and  to  protect  the  trees  against  domestic  animals  and 
fires,  the  forest  will  be  a  vast  improvement  upon  those  which 
the  first  settlers  found. 

Native  trees  will  be  found  most  satisfactory  for  reforestation, 
for  as  yet  no  introduced  forest  tree  has  demonstrated  its 
superiority  over  the  native  species.  Moreover,  in  a  county  as 
well  timbered  as  this  both  quantity  and  variety  may  be  secured 
with  comparative  ease.  In  order  that  some  conception  of  the 
range  of  choice  may  be  given,  a  list  of  the  native  trees  and 
shrubs  is  here  presented,  the  species  being  grouped  according 
to  habitat.  In  selecting  trees  for  any  tract  it  is  well  that  heed  be 
given  to  the  character  of  its  surface  in  order  that  an  appropriate 
choice  may  be  made  from  species  occupying  similar  stations 
elsewhere. 

The  following  list  contains  the  native  trees  and  shrubs  of  the 
county.     Their  distribution,  abundance,  full   scientific  names, 
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etc.,  may  be  determined  from  the  systematic  list  which  makes  up 
the  closing  part  of  this  paper. 

TREES  AND  SHRUBS. 

1.  Species  belonging  to  bogs  and  wet  places. — The  species  are 
shrubs,  the  last  two,  only,  becoming  small  trees.  They  are :  the 
meadow-sweet  {Spiraed)^  red-osier  dogwood  {Cornus  stoloni- 
fera),  button-bush  (Cephalanthv^),  shiny  willow  {Salix  lucida) 
and  pussy  willow  (8.  discolor). 

2.  Species  of  the  low  alluvial  bottoms. — The  shrubs  are: 
the  false  indigo  {Amorpha  fruticosa),  sandbar  willow  (Salix 
interior)  and  heart-leaved  willow  (S.  cordata),  the  willows  some- 
times becoming  small  trees.  The  soft  maple  (Acer  saccharinum), 
red  birch  (Betula  nigra) ,  almond-leaved  willow  (Salix 
amygdaloides)  and  black  willow  (S.  nigra)  are  trees. 

3.  Species  of  higher  rich  alluvial  bottoms. — The  wild  grape 
(Vitis  vulpina)  and  poison  ivy  (Rhus  radicans)  are  woody  vines, 
the  latter  sometimes  a  low  shrub;  the  elder  (Sambucus  can- 
adensis), flowering  currant  (Ribes  floridum)  and  the  wahoo 
(Euonymus)  are  shrubs,  the  last  sometimes  a  small  tree;  all  the 
species  of  haws  (Crataegus)  and  the  sheep-berry  (Viburnum 
lent  ago)  are  small  trees,  the  latter  sometimes  a  shrub;  and  the 
following  species  are  trees:  the  box-elder  (Acer  negundo),  hack- 
berry  (  Celtis),  the  ashes  (Fraxinus,  except  F.  pennsylvanica), 
honey  locust  (Gleditsia),  the  butternut  and  walnut  (Juglans), 
Cottonwood  (Populus  deltoides)  and  white  elm  (Ulmus 
americana). 

4.  Species  of  upland  thickets. — The  Missouri  gooseberry 
(Ribes  missouriensis)  and  the  hazel  (Corylus  americanus)  are 
shrul)s,  and  the  haws  (Crataegus)  and  wild  crab  (Malus)  are 
small  trees. 

5.  Species  of  wooded  rocky  banks  and  open  slopes, — The  fol- 
lowing are  woody  vines:  the  purple  virgin 's-bower  (Atragene), 
climbing  bittersweet  (Celastrus)  and  the  two  honeysuckles 
(Lonicera).  The  shrubs  are:  the  American  yew  (Taxus),  shad- 
bush  (Amelanchier  botryapium),  the  dogwoods  (Cornus  alterni- 
folia,  aniomum,  aspcrifolia  and  circinata),  shrubby  cinquefoil 
(Dasiphora),  dwarf  cherry  (Prumis  purnila),  leather-wood 
(Dirca),  prairie  nine-bark  (Opulaster),  wild  gooseberry  (Ribes 
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cynosbati),  the  wild  roses  {Rosa  blanda  and  humilis),  wild  black 
raspberry  (Rubus  occidentalis),  dewberry  {Rubus  procumbens)^ 
wild  red  raspberry  {R.  strigosus)  red-berried  elder  {Sambucus 
pub  ens),  bladder-nut  (Staphylea),  high  bush-cranberry  {Vibur- 
num opidus)  and  arrow  wood  {Viburnum  dentatum).  The  fol- 
lowing species  are  often  shrubs,  but  also  become  small  trees: 
hoary  alder  {Alnus),  alder-leaved  June-berry  {Amelanchier 
alnifolia),  round  leaved  June-berry  {A.  rotundifolia),  panicled 
dogwood  {Cornus  candidissima) ,  choke  cherry  {Prunus  virgin- 
tana),  staghom  sumach  {Rhus  hirta),  prickly  ash  {Xanthoxy- 
htm)  and  black  haw  {Viburnum  lentago).  The  June-berry 
(Amelanchier  canadensis)  and  blue  beech  {Carpinus)  are  small 
trees.  The  following  species  are  forest  trees:  the  balsam 
{Abies) J  red  cedar  {Juniperus  viginiana),  white  pine  {Pinus), 
hard  maple  {Acer  saccharum),  cherry  birch  {Betula  lenta), 
canoe  birch  {Betula  papyrifera),  red  ash  {Fraxinus  pennsylva- 
nica)j  balm  of  Gilead  {Populus  candicans),  American  aspen 
{Populus  tremuloides)  and  rock  elm  {Ulmus  racemosa). 

6.  Species  of  upland,  mostly  rather  open  tvoods, — The  iron 
wood  {Ostrya)  is  a  small  tree,  and  the  following  are  forest 
trees:  the  hickories  {Hicoria),  large-toothed  aspen  {Populus 
grandidentata) ,  all  the  oaks  {Quercus),  the  white  oak  {Q.  alba) 
preferring  deep  woods,  and  red  elm  {Ulmus  fulva). 

7.  Species  of  deep  upland  woods. — The  hispid  greenbrier 
{Smilax  hispida)  and  the  Virginia  creeper  {Parthenocissus) 
are  woody  vines;  the  following  are  trees:  red  oak  {Quercus 
rubra),  white  oak  {Q.  alba),  black  cherry  {Prunus  serotina)  and 
basswood  {Tilia).  All  the  species  of  the  preceding  group  may 
also  be  found  in  deeper  woods. 

8.  Species  of  prairie  and  forest  borders. — Most  of  the 
species  of  this  group  are  shrubs,  as  follows :  juniper  {Juniperus 
communis),  lead  plant  {Amorpha  canescens).  New  Jersey  tea 
(Ceanothus  americana),  red  root  {Ceanothus  ovatus  pubescens), 
bush  honeysuckle  {Diervilla),  prairie  rose  {Rosa  arkansana), 
wild  rose  {R.  humilis),  prairie  willow  {Salix  humilis), 
and  wolf -berry  {Symphoricarpos  occidentalis) .  The  blackberry 
{Rubus  nigrobaccus)  is  also  found  along  borders,  but  extends 
to  deep  woods,  and  the  smooth  sumach  {Rhus  glabra)  is  found 
along  borders,  in  open  woods,  on  dry  slopes,  etc.    But  one  small 
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tree,  the  wild  red  cherry  {Pr^my^  pennsylvanica)j  properly 
belongs  to  this  group. 

In  addition  to  the  foregoing  species,  which  are  native,  the  red 
cnrrant  {Ribes  rubrum)  and  the  black  locust  (Robinia  psevd- 
acacia)  may  be  found  in  waste  places  or  openings,  having 
escaped  from  cultivation.     The  red  currant  appears  to  be  native. 

Not  all  the  species  here  listed  are  of  like  value,  nor  are  all 
usable  for  the  same  purposes.  The  most  useful  lumber  trees 
are  the  ashes,  butternut  and  walnut,  red  and  rock  elms,  cherry 
birch,  black  cherry,  the  hickories,  the  oaks,  red  cedar  and  white 
pine.  For  ties  and  posts  the  white  oak,  bur  oak,  honey  locust 
and  black  locust  are  most  servicable.  The  most  valuable  native 
shade  trees  are  the  hard  maple,  hackberry,  ashes,  American 
elm,  basswood,  canoe  birch  and  white  pine.  The  most  useful 
species  for  windbreaks  and  shelter  belts  are  the  soft  maple, 
ashes,  boxelder,  cottonwood,  balm  of  Gilead  and  red  cedar. 
All  of  these  are  used  more  or  less  for  fuel; 

Among  the  native  ornamental  trees  and  shrubs  the  hard 
maple,  Virginia  creeper  and  the  sumachs  are  remarkable  for 
the  splendor  of  their  autumn  foliage;  the  bittersweet  for  its 
bright  fruit;  the  June-berry,  crab-apple,  hawthorns  and  black 
locust  for  their  flowers;  the  false  indigo,  honeysuckles,  wild 
roses,  elderberries,  atragene,  bladdernut,  dogwoods,  black  haw, 
sheep-berry.  New  Jersey  tea  and  nine-bark  for  flowers  and  foli- 
age; and  the  white  pine,  balsam  fir,  shining  willow  and  red- 
osier  dogwood  for  the  beauty  of  the  foliage  and  crown. 

As  already  noted  these  native  species  are  eminently  suitable 
for  all  purposes  for  which  trees  and  shrubs  are  used,  but  never- 
theless, numerous  species  have  been  introduced  in  cultivation 
for  ornamental  purposes.  Among  the  introduced  conifers  are 
the  Scotch  and  Austrian  pines,  Norway  spruce,  European  larch, 
arbor-vitae  and  hemlock,  and  among  the  deciduous  trees  the 
silver  poplar,  Lombardy  poplar,  buckeye,  catalpa,  mountain  ash 
and  white  willow.  In  this  connection  a  report  on  a  tree-census 
of  a  portion  of  the  city  of  Decorah,  including  several  blocks  and 
streets  in  the  residence  part,  may  be  of  interest.    The  number 
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to  the  right  in  each  case  indicates  the  number  of  trees  found 
within  the  territory  selected : 

Hard  maple  97  Red  cedar 11 

Soft  maple  86  Balsam  fir   7 

Box  elder  64  Walnut 5 

American  elm 62  Red  elm    4 

Cottonwood    51  Catalpa    3 

White  pine  45  Black  locust  3 

Norway  spruce   36  European  larch 2 

Bur  oak  (native)  20  Scotch  Pine 2 

Mountain  ash    15  Buckeye  2 

White  cedar 14  Choke  cherry 1 

Hackberry    1 

Also  several  specimens  of  silver  and  Lombardy  poplars  and 
Austrian  pine. 

It  is  interesting  to  note  that  notwithstanding  the  abundance  of 
splendid  available  native  species,  such  forms  as  the  soft  maple, 
box  elder,  cottonwood,  silver  poplar  and  Lombardy  poplar  are 
commonly  planted.  Indeed  in  some  cases  fine  native  species 
were  first  removed,  and  these  less  desirable  kinds  were  set  out. 

IL    Ornamental  Plants. 

In  addition  to  the  ornamental  trees  and  shrubs  already  dis- 
cussed, there  are  numerous  native  herbaceous  plants  which  are 
well  worthy  of  cultivation.  While  not  many  of  them  lend  them- 
selves readily  to  use  in  formal  flower-beds,  all  may  be  used  to 
advantage  in  various  nooks  and  comers,  to  hide  unsightly  places, 
such  as  bogs  and  sand  ridges,  to  replace  weeds  along  garden 
fences,  and  to  be  mingled  in  fern-beds,  either  on  the  north  side 
of  the  house,  or  in  well-shaded  rock-ferneries. 

Perhaps  the  most  adaptable  of  these  species  are  the  colum- 
bine, common  blue  violet,  wild  phlox,  Jacob's  ladder  (blue-bell), 
shooting  star  (Dodecatheon)  and  lungwort  (Mertensia)  but  even 
these  will  do  better  in  their  natural  habitats.  For  convenience 
the  native  ornamental  herbs  are  here  grouped  under  their  respec- 
tive habitats,  which  suggest  the  kind  of  places  in  which  they 
should  be  cultivated. 

1.  Water. — For  artificial  or  natural  ponds  the  most  suitable 
species  are  the  yellow  pond  lily  (Castalia)  and  the  white  water 
crow-foot  {Batrachium). 
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2.  Shaded  bogs. — The  fringed  gentian  and  greater  lobelia 
are  well  adapted  to  seepy  banks. 

3.  Open  bogs  and  wet  meadows. — For  larger  bogs  the  cat- 
tail and  Iris  are  satisfactory,  while  for  smaller  boggy  places 
the  oak-leaved  fern  {Onoclea)y  shield-fern  (Nephr  odium 
thelypteris) ,  Canada  lily,  the  fringed  orchis  {Blephariglottis) 
and  marsh  marigold  {Caltha)  are  very  desirable. 

4.  Open  prairie,  etc. — The  following  more  or  less  showy 
species  are  adapted  to  open  places:  red  lily  {Vagnera  stellata), 
pasque-flower  (Pulsatilla) ,  shooting  star  (Dodecatheon),  downy 
gentian  {G.  puberula),  prairie  phJox,  horse  mint  {Monarda)j 
both  blazing  stars  (Lacinaria),  prairie  violet  (Viola  pedatifida)^ 
foxglove  beard-tongue  (Pentstemon),  bushy  goldenrod 
(Euthamia),  the  wild  asters  (A.  novae-angliae,  laevis  and  exi- 
guus)  and  the  two  prairie  clovers  (Kuhnistera) .  On  dry  ridges 
the  early  buttercup  (Ranunculus  fascicularis)  will  be  attractive 
because  of  its  early  flowering.  In  open  sandy  places  the  coryda- 
lis  (Capnoides),  blue-eyed  grass  (Sisyrinchium)  and  bird-foot 
violet  (Viola  pedata)  will  do  well. 

5.  Moderate  shade. — This  naturally  grades  into  both  the 
preceding  and  the  following  groups,  and  therefore  is  not  sharply 
deflned.  Its  most  satisfactory  plants  are  the  following:  the 
ostrich  fern  (Struthiopteris) ,  smooth  Solomon's  seal 
(8alomonia)j  starry  campion  (Silene),  hepatica,  rue-anemone 
(Syndesmon) ,  white  virgin's  bower  (Clematis),  hydrangea, 
common  blue  violet  (Viola  papilionacea) ,  spiked  willow-herb 
(Chamaenerion) J  wild  phlox  (P.  divaricata),  lungwort 
(Mertensia),  the  goldenrods  (Solidago  speciosa  and  serotina) 
and  Aster  shortii. 

6.  Deep  shade. — Plants  of  this  group  are  best  cultivated  in 
places  suited  to  our  ordinary  ferns.  Our  flora  includes  the  fol- 
lowing: the  lady  fern  (Athyrium),  the  shield  ferns  (Nephro- 
dium),  bladder  fern  (Cystopteris  fragilis),  maiden-hair  fern 
(Adiantum),  flowering  fern  (Osmunda)  moonwort  (Botry- 
chium),  bellwort  (Uvularia),  dogtooth  violet  (Erythronium), 
false  Solomon's  seal  (Vagnera  racemosa),  the  larger  species  of 
Trillium,  the  ladies '-slippers  (Cypripedium) ,  spring  beauty 
(Claytonia),  false  rue-anemone  (Isopyrum),  crane's-bill 
(Geranium),  yellow  violet  (Viola  pubescens),  the  gentians  (G. 
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andrewsii  and  flavida),  Jacob's  ladder  {Polemonium)^  may 
apple  {Podophyllum),  white  snake-root  {Eupatorium  ayeraU 
aides)  and  a  goldenrod  {Solidago  ulmifolia). 

7.  Shaded  rocky  banks, — Most  of  the  species  in  the  preceding 
group  may  be  included  here,  with  the  following  additional 
species:  the  early  wake-robin  {Trillium  nivale)^  nodding  wild 
onion  {Allium  cernuum),  both  species  of  Bicuculla,  American 
vetch  {Vicia),  blood-root  {Sanguinaria),  water-leaf  {Hydro- 
phyllum  virginicum)  and  the  heart-leaved  aster  {A.  cordifolius) , 
The  species  of  the  following  group  may  also  be  planted  with  the 
foregoing. 

8.  Rocky  fernery. — Well  shaded  heaps  or  ledges  of  lime- 
stone, with  scant  soil  intermingled,  will  produce  very  pleasing 
effects.  While  many  of  the  plants  of  the  two  preceding  groups 
may  be  used  in  such  places,  the  following  are  especially  suit- 
able; the  bulb-bearing  fern  {Cystopteris  bulbifera),  bishop's  cap 
{Mitella)  and  wild  columbine  {Aguilegia). 

As  all  the  plants  here  listed  as  suitable  for  cultivation  are 
perennial,  with  persisting  roots  or  underground  stems,  it  is 
possible  to  transplant  them  from  their  native  habitats.  This 
should  be  done  early  in  the  spring  before  growth  has  advanced, 
or  after  the  plant  has  matured  its  fruit.  Seed  should  also  be 
collected,  and  sowed  freely  in  suitable  places.  This  may  be 
done  immediately  upon  the  maturing  of  the  seed,  or  the  seed  may 
be  kept  until  spring.  Where  the  fruit  (or  seed)  is  dry  it  may 
simply  be  kept  in  a  box  or  paper  in  a  moderately  dry  cool  place. 
Where  the  fruit  is  pulpy  it  may  be  set  in  a  cool  cellar  in  a  small 
box  of  sand,  which  must  be  kept  barely  moist,  and  in  the  spring 
sand  and  seed  may  be  scattered.  However,  in  most  of  these 
cases  it  will  require  at  least  two  years  to  mature  the  plant. 
Usually  a  combination  of  the  two  methods,  transplanting  and 
seeding,  will  give  the  best  results.  In  the  case  of  all  plants 
which  require  shade,  leaf -mould  should  be  liberally  supplied, 
and  in  all  cases  some  attention  must  be  given  to  weeds,  as  they 
will  otherwise  over-run  the  wild-flower  bed.  Blue  grass  is  per- 
haps the  most  dangerous  of  these  weeds,  and  is  fatal  to  practic- 
ally all  wild  flowers. 
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III.    Forage  Plants. 

None  of  the  native  or  naturalized  forage  plants  take  rank  with 
red  clover,  timothy  and  bine  grass,  which  are  cultivated  for  this 
special  purpose.  Nevertheless  there  are  among  them  many 
species  which  contribute  liberally  to  the  forage  supply  of  the 
county.  Indeed  during  dry  seasons  all  species  which  are  not 
protected  by  harsh  structures,  such  as  spines,  etc.,  or  by  poison- 
ous, or  at  least  disagreeable,  products  with  repelling  taste  and 
odor,  are  eaten  more  or  less  by  cattle.  Formerly  the  native 
herbs,  especially  grasses,  which  covered  the  prairies,  formed 
valuable  pasture  and  hay,  but  so  little  of  the  original  prairie 
remains  that  most  of  these  species  have  disappeared,  or  are 
found  only  sparingly.  With  the  exception  of  the  clovers  the 
best  forage  plants  are  grasses.  The  most  valuable  species  of 
prairie  and  meadow  were  Cinna,  Calamagrostis  and  the  two 
species  of  Andropogon.  Of  less  value  are  Bromus  ciliatus  and 
kalmii,  and  Agropyron  tenerum  and  Occident  ale  ^  while  coarser, 
harsher  grasses  like  Muhlenbergia  mexicana  and  glomerata, 
Spartina  and  Leersia  have  little  beyond  bulk  to  recommend 
them.  Among  introduced  plants,  in  addition  to  the  ubiquitous 
blue  grass  and  timothy,  Agrostis  alba,  Dactylis  and  Setaria 
glauca  have  some  fodder  value,  the  last  chiefly  in  stubble  fields.. 

IV.    Weeds. 

All  plants  which  have  sufficient  persistence  and  adaptability 
to  become  weeds  are  of  public  interest.  Among  the  plants  of 
Winneshiek  county  there  are  not  only  many  introduced  weeds, 
but  some  of  the  native  plants  have  so  far  changed  their  habits 
that  they,  too,  have  become  pernicious  weeds.  Among  the  most 
vicious  of  the  former,  both  because  of  abundance  and  persist- 
ence, are  the  following:  black  bind-weed  {Polygonum  convol- 
vulus) ^  curly  dock  (Rumex  crispus),  the  species  of  Amaranthus, 
plantain (P/a«fa.^o  major),  both  species  of  Brassica,  shepherd's 
purse  (Bursa),  both  sweet  clovers  {Melilotus),  round-leaved 
mallow  (Malva  rotundifolia),  wild  parsnip  (Pastinaca),  ground 
ivy  (Glecoma),  chickweed  (Alsine  media),  purslane  {Portu- 
laca),  the  thornapples  (Datura),  dandelion  (Taraxacum), 
prickly  lettilce  (Lactuca  scariola),  dog-fennel  (Anthemis), 
burdock  (Arctium),  field-thistle  (Carduus  lanceolatus) ,  Canada 
thistle  (C.  arvensis)  and  the  panic  grasses  (Panicum  crus-galU 
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and  glahrmn).  Blue  grass  (Poa  pratensis)  is  often  a  persistent 
weed.  The  less  pernicious,  or  less  abundant,  introduced  weeds 
are:  the  panic  grasses  (Panicum  sanguinale,  capillare  and 
dichotomum),  the  fox-tail  grasses  {Setaria  glauca  and  viridis), 
Eragrostis  major,  both  kinds  of  chess  {Bromus  secalinus  and 
racemosus  commutatus),  orchard  grass  {Dactylis),  St.  John's- 
wort  {Hypericum  perforatum) ^  lamb's  quarters  {Chenopodium 
album) f  hedge  mustard  (Sisymbrium  officinale),  false  flax 
{Camelina)j  low  hop  clover  (Trifolium  procumbens),  sheep- 
sorrel  (Rumex  acetosella),  patience  dock  (/?.  patientia),  Rus- 
sian thistle  (Salsola),  mullein  (Verbascum),  speedwell  (Veron- 
ica peregrina),  hemp  (Cannabis),  black  nightshade  (Solanum 
nigrum),  ground  cherry  (Physalis  pubescens),  motherwort 
(Leonurus),  chicory  (Cichorium),  tansy  (Tanacetum)  and  sow- 
thistle  (Sonchus). 

The  following  native  weeds  are  more  or  less  troublesome: 
squirrel-tail  grass  (Hordeum),  wire  grass  (Juncus  tenuis)^ 
water  dock  (Rumex  brittanica),  smart-weed  (Polygonum  penn- 
sylvanicum),  pepper-grass  (Lepidium  virginicum),  partridge- 
pea  (Cassia  chamaecrista) ,  white  clover  (Trifolium  repens)y 
three-seeded  mercury  (Acalypha),  the  native  spurges  (Euphor- 
bia), velvet-leaf  (Abutilon),  yellow  oxalis  (Oxalis  stricta),  even- 
ing primrose  (Onagra  biennis),  milkweed  (Asclepias  syriaca), 
the  dodders  (Cuscuta),  nyctelea  (Macrocalyx),  beggar's  lice 
(Lappula),  the  verbenas  (Verbena)  both  species  of  Scrophu- 
laria,  EugePs  plantain  (Plantago  rugeli),  slender  nettle  (Urtica 
gracilis),  bur- weed  marsh-elder  (Iva),  both  ragweeds  (Artem- 
isia trifida  and  artemisaefolia),  cocklebur  (Xanthium),  horse- 
weed  (LeptUon),  daisy  flea-bane  (Erigeron  strigosus),  tall  cone- 
flower  (Rudbeckia  laciniata),  several  species  of  sunflowers 
(Helianthus  annuus,  grosse-serratus,  rigidus,  etc.),  Spanish 
needles  (Bidens)  and  fire  weed  (Erechtites).  Muhlenbergia 
mexicana  sometimes  becomes  a  weed,  and  the  sand-bur  (Gen- 
chrus)  is  often  troublesome  in  sandy  fields.  For  additional 
notes  on  all  these  species  see  the  annotated  list. 

Individual  effort  avails  but  little  in  the  conflict  with  weeds. 
Until  concerted  systematic  and  intelligent  action  is  taken 
against  them  men  will  continue  to  suffer  great  loss  from  this 
source.    Fire,  the  plow,  and  the  scythe  or  mower  are  the  most 
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effective  weapons,  and  they  should  be  used  to  prevent,  as  far  as 
possible,  the  development  of  seeds. 

V.    Medicinal  Plants. 

This  is  by  no  means  the  least  interesting  part  of  the  flora.. 
The  products  of  more  than  forty  native  species  are  recognized 
as  oflScial  by  the  U.  S.  Pharmacopaeia.  In  addition  to  these^ 
many  species  are  used  as  substitutes,  or  as  home  remedies. 
Some  of  the  official  species  are  not  found  in  sufficient  quantity 
to  be  of  commercial  value,  but  their  occurrence  in  the  county  is 
of  interest.  Various  parts  of  plants  contribute  the  official  pro- 
duct, and  the  best  season  of  the  year  for  collecting  the  materials 
will  vary  with  the  part  used.  It  may  be  stated  as  a  general  rule 
that  rhizomes  and  roots  should  be  collected  in  late  eummer  or 
early  autumn;  the  bark  of  ZJlmus  in  early  spring,  and  other 
barks  (of  both  root  and  stem)  in  spring  or  autumn;  the  herbs 
and  leaves  are  usually  best  just  before  flowering  has  commenced; 
the  flowering  tops  when  the  first  flowers  are  about  to  fruit;  the 
flowers  just  after  opening;  and  the  fruits  when  mature.  The 
distribution  in  the  county,  and  the  habits  of  the  species  dis- 
cussed in  this  connection  are  given  in  the  annotated  list.  The 
species  are  here  grouped  according  to  the  part  of  the  plant 
yielding  the  official  drug,  the  official  name  preceding  the  name 
of  the  plant,  which  is  given  in  parenthesis. 

1.  The  herb  {leaves  and  young  stems). — Oil  of  Erigeroi^ 
(Leptilon  canadense)^  Pulsatilla  {Pulsatilla  hirsutissima)  and 
Scutellaria  {Scutellaria  lateriflora). 

2.  Flowering  tops. — Eupatorium  {Eupatorium  perfolia^ 
turn),  Hedeoma  {Eedeoma  pulegeoides)  and  Lobelia  {Lobelia 
inflata). 

3.  Leaves. — Chimaphila  {Chimaphila  umbellata)j  and  Bhua 
Toxicodendron  {Rhus  radicans),  the  latter  fresh. 

4.  Flowers. — Sambucus   {Sambucus  canadensis). 

5.  Fruit. — Ehus  Glabra  {Rhus  glabra),  Humulus  {Humulus 
lupulus),  Oil  of  Jimiper  {Juniperus  communis)  and  Raspberry 
{Rubus  occidentalis  and  strigosus). 

6.  Seeds. — Sinapis  Nigra  {Brassica  nigra). 

7.  Bark  of  stem. — Hamamelis  Bark   {Hamamelis  virgini- 

ana),  Canada  Balsam  (from  Abies  balsamea).  Oil  of  Betula 
11 
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(from  Betula  lenta),  Salicin  (from  all  the  species  of  Populus 
and  the  larger  species  of  6aiix),  \j\m\i^{Ulmus  fidva),  Vibur- 
num {Viburnum  opulus),  Viburnum  Prunifolium  {Viburnum 
prunifolium)j  Quercus  {Quercus  alba)^  Prunus  Virginiana 
(Prunus  serotina  and  virginiana)^  and  Xanthoxylum  {Xanthoxy- 
lum  americanum). 

8.  Bark  of  root. — ^Euonymus  {Euonymus  atropurpureus), 
Juglans  {Juglans  cinerea)  and  Eubus  {Rubus  nigrobaccus  and 
procumbens). 

9.  Root. — ^Apocynum  {Apocynum  cannabinum),  Asclepias 
(Asclepias  tuberosa)  and  Senega  {Poly gala  senega). 

10.  Rhizome  {rootstock). — Calamus  {Acorus  calamtis)^ 
Caulophyllum  {Cautophyllum  thalictroides) ,  Cypripedium  {Cy- 
pripedium  hirsutum  and  parviflorum) ,  Geranium  (Geranium 
macvlatum)^  Hydrastis  {Hydrastis  canadensis),  Iris  {Iris  ver- 
sicolor),  Leptandra  {Leptandra  virginica),  Menispermum 
(Menispermum  canadense),  Podophyllum  {Podophyllum  pelta- 
turn)  and  Sanguinaria  {Sanguinaria  canadensis). 

The  common  names  of  all  the  medicinal  plants  are  given  in 
the  annotated  list. 

VI.    Systematic  Annotated  List  of  Plants. 

In  the  following  list  no  attempt  is  made  to  define  species, 
as  this  is  not  necessary  in  view  of  the  number  of  available  des- 
criptive manuals.  Brief  notes  upon  distribution,  habits  and 
abundance  are  given  under  each  species,  and  locality  names 
are  given  where  specimens  were  preserved,  or  where  a  report 
was  published.  In  case  the  record  is  not  based  on  the  writer's 
own  material  the  name  of  the  collector  or  recorder  follows 
in  parenthesis.  Messrs.  Savage  and  Goddard  did  not  publish 
lists,  but  the  writer  examined  their  material.  In  all  other 
cases  the  published  record  is  accepted.  The  scientific  nomen- 
clature for  the  following  plants  is  in  the  main  that  of  Britton's 
Manual,*  for  ferns  that  of  the  writer's  paper  on  Iowa  Pterido- 
phyta,t  and  for  grasses  that  of  PammePs  ''Grasses  of  lowa.^'J 
These  may  not  in  all  cases  be  entirely  satisfactory,  but  they  are 
available  to  Iowa  workers,  and,  moreover,  the  question  of  exact 

^M^noaToTthe Flora  o!  the  Northern  U.  8    and  Canada,  by  N  L  Britten,  Jnd  Ed. 

^*^tBull  Lab  Nat.  Hi«t..  SUta  Univ.  of  Iowa.  Vol.  V,  190\  pp.  146-lTO. 
ilowa  Qeol.  Bar. ,  part  II,  Sup.  Report  for  1901. 
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nomenclature  is  of  no  great  inportance  in  a  mere  geographical 
list.  Gray's  Manual  is  still  widely  used  in  this  state,  and  the 
earlier  plant  lists  published  by  the  Survey  were  based  on  it. 
For  that  reason,  in  cases  in  which  the  name  here  adopted  dif- 
fers from  that  of  the  Manual,  the  latter  follows  in  parenthesis. 

8UBKIKGD0M  PTBRIDOPHYTA,  FBRNS,  BTO. 

Fmmily  1,    Equisetacece ,     Scouring  Rushes. 

Equisetvm  arvense  L.  Field  Horsetail.  Quite  common  in 
sandy  and  clay  grounds.    Decorah  (Goddard),    Hesper. 

Equisetum  rohustum  A.  Braun.  Great  Scouring-rush.  Com- 
mon on  moist  banks,  etc.    Decorah. 

Equisetum  laevigatum  A.  Br.  Prairie  Scouring-rush.  Quite 
conmaon.      Decorah  (Goddard). 

Equisetum  hyemale  L.  Scouring-rush.  Not  conmaon.  Cal- 
mar. 

Family  2.     Ophioglossacea, 

BotrycMum  virginianum  (L.)  Swz.  Moonwort.  Not  rare 
in  deep  woods.    Hesper,  Moneek. 

Family  3.    Filicacea, 

Osmunda  claytoniana  L.  Flowering-fern.  ConoLmon  in  deep 
woods.    Moneek,  Decorah,  Hesper. 

Polypodium  vulgare  L.  Polypody.  Rather  rare,  on  moss- 
covered  ledges  along  Canoe  creek. 

Woodsia  ilvensis  (L.)  A.  Br.  Rare,  in  crevices  of  St.  Peter 
sandstone  near  Hesper. 

Onoclea  sensibilis  L.  Oak-leaf  Fern.  Locally  common  in 
moist  meadows  and  ravines.    Hesper. 

Struthiopteris  struthiopteris  (L.)  {Onoclea  strythiopteris 
HojBfm.)  Ostrich  fern.  Locally  abundant  on  alluvial  grounds. 
Along  Bear  and  Canoe  creeks. 

Cystopteris  fragilis  (L.)  Bemh.  Bladder-fern.  Quite  com- 
mon in  rich  woods.    Decorah. 

Cystopteris  bulhifera  (L.)  Bemh.  Bulb-bearing  Fern.  Very 
common  on  rocky  banks  and  ledges.    Decorah,  Highlandville. 

Phegopteris  robertiana  (Hoffm.)  Fee.  (P.  calarea  Fee.) 
Beech  Fern.  Rather  rare,  on  shaded  roclcy  banks.  Decorah 
(Goddard). 
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Nephrodivm  thelypteris  (L.)  Desv,  {Aspidum  thely pterin 
Swartz.)  Shield-fem.  Locally  common  in  open  bogs.  Hes- 
pep. 

tfephr odium  goldieanum  (Hk.)  Hk.  &  Gr.  {Aspidium  goldi- 
anum  Hk.)  Goldie's  Fem.  Not  common,  in  rich  woods.  De- 
corah  (Goddard). 

Athyrium  fiHoo-foemina  (L.)  Both.  {Asplenium  fUix-foemi- 
na  Bemh.)  Lady-fern.    Common  in  woods.    Hesper,  Calmar. 

Camptosorus  rhizophyllus  (L.)  Link.  Walking  Fem.  Not 
common,  on  mossy  ledges.    Decorah  (Savage) ;  Canoe  creek. 

Pteridium  aquilinum  (L.)  Kuhn.  {Pteris  aquUina  L.)  Com- 
mon Brake.  Common  in  open  woods.  Hesper,  Calmar;  De- 
corah (Fitzpatrick). 

Pellaea  atropurpurea  (L.)  Link.  Rock  Brake.  Common  on 
exposed  limestone  ledges.  Decorah,  Kendallville,  north  fork  of 
Bear  creek,  Highlandville. 

Crypto  gramma  stelleri  (Gmel.)  Prantl.  {Pellaea  gracilis 
Hook.)  Smaller  Cliff-brake.  Locally  common  on  shaded  lime- 
stone ledges.    Highlandville;  Decorah  (Savage). 

Cheilanthes  fed  Moore.  (C  lanuginosa  Nutt.)  Lip-fern.  Not 
common,  on  exposed  rocks.    Decorah  (Calvin). 

Adiantum  pedatum  L.  Maidenhair  Fern.  Common  in  deep 
wods.  Decorah  (Goddard),  Hesper. 

family  4.    Lycopodt'ac^a.    Club  Mosses. 

Lycopodium  lucidulum  Michx.  Club-moss.  Reported  by 
Arthur  from  Hesper.    The  species  occurs  in  damp  woods. 

Family  5,     Stlaginellacea, 

Selaginella  rupestris  (L.)  Spring.  Locally  common.  Dry 
rocky  soils  and  sandstone  ledges.  Hesper,  north  fork  of  Bear 
creek. 

BUBKINGDOM  SPERMATOPHTTA.    FLOWERING  PLANTS. 

Glass  1.     Oymnospermao,     Conifers. 

Family  I,    PinacecF, 

Pinus  strobus  L.  White  Pine.  Locally  frequent  in  upland 
woods  especially  above  rocky  ledges,  along  the  Upper  Iowa 
Upper  Iowa  river.  Most  abundant  near  Kendallville  and 
along  Pine,  Bear  and  Canoe  creeks.  Groves  of  white  pine 
occur  in  Fremont  township. 
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Abies  bdlsamea  (L.)  Mill.  Balsam  Fir.  Not  rare,  along 
rocky  slopes  and  above  ledges  along  the  upper  course  of  the 
Upper  Iowa  river.  Most  abundant  near  Kendallville  aac< 
Bluffton. 

Juniperus  communis  L.  Juniper.  Locally  common  on  dry 
rocky  hilltops.  Kendallville,  Bluffton,  Canoe  creek,  both  forks 
of  Bear  creek. 

Juniperus  virginiana  L.  Bed  Cedar.  Common  on  dry  hill- 
sides and  rocky  slopes.  Kendallville,  Bluffton,  Decorah,  Canoe 
•creek,  both  forks  of  Bear  creek,  Hesper. 

Pamily  2,     7axacece, 

Taxus  canadensis  Marsh.  American  Yew.  Locally  common 
on  steep  shaded  slopes  and  above  ledges.  Kendallville,  Canoe 
creek,  south  fork  of  Bear  creek. 

Class  II.    AngioBpermsB. 

SUB— CLASS  I.     MONOCOTYLEDONES. 

Order  I.    Graminales. 

PamUy  1.     Graminea,       Graisei. 

Andropogon  provincialis  Lam.  (-4.  furcatus  Muhl.)  Blue- 
stem.  Still  common  where  the  native  prairie  flora  is  not  wholly 
destroyed     Ft.  Atkinson. 

Andropogon  nutans  L.  {Chrysopogon  nutans  Benth.)  Indian 
Grass.  Common  in  dry  borders  and  openings.  Ft.  Atkinson, 
Hesper. 

Panicum  crus-galli  L.  Barnyard  Grass.  A  naturalized  weed, 
in  waste  places.    Decorah  (Goddard),  Calmar,  Ft.  Atkinson. 

Panicimi  glahrum  Gaud.  Smooth  Crab-grass.  Common 
introduced  weed.    Freeport. 

Panicum  sanguinale  L.  Finger  Grass.  Introduced  weed,  in 
cultivated  places.    Near  Hesper,  etc. 

Panicum  capUlare  L.  Old  Witch  Grass  Common  native 
weed,  in  waste  and  cultivated  grounds.     Ft.  Atkinson. 

Panicum  latifolium  L.  Porter's  Panicum.  Bather  common 
in  open  woods.    Ft.  Atkinson. 

Panicum  scribnerianum  Nash.  (P.  scoparium  Gray,  in  part.) 
Scribner's  Panicum.    In  dry  soil.    Decorah  (Savage). 

Panicum  dichotomum  L.    Reported  by  Fitzpatrick. 

Panicum  undphyllum  Trin.  Finger  Grass.  In  dry  places. 
Decorah  (Goddard). 
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Setaria  glauca  (L.)  Beauv.  Yellow  Fox-tail.  An  intro- 
duced weed,  common  in  fields  and  waste  places.  Ft.  Atkinson, 
Calmar,  near  Hesper. 

Setaria  viridis  (L.)  Beanv.  Green  Fox-tail.  A  common 
introduced  weed.    Ft.  Atkinson,  etc. 

Setaria  germanica  Beauv.  {S.  italica  Kunth.)  German  Millet. 
Introduced.    Ft.  Atkinson. 

Cenchrus  tribtUoides  L.  Sand-bur.  An  annoying  native  weed 
in  sandy  places.    Not  rare.    Ft.  Atkinson. 

Leersia  oryzoides  (L.)  Swartz.  Eice  Cut  Grass.  In  open 
places  along  ditches  and  swamps.    Ft.  Atkinson. 

Aristida  basiramea  Engelm.  Tufted  Triple  Awn-grass.  On 
dry  sandy  ridges  and  sandstone  ledges.    Near  Hesper. 

Stipa  spartea  Trin.  Porcupine  Grass.  Eeported  by  Fitz- 
patrick. 

Muhlenbergia  meodcana  (L.)  Trin.  Mexican  Dropseed. 
Sometimes  a  weed.  The  variety  fUiforme  Muhl.  was  collected 
at  Decorah. 

Muhlenbergia  glomerata  (Willd.)  Trin.  Marsh  Muhlenber- 
gia. Common  in  moist  places.  Calmar,  Ft.  Atkinson,  Hesper, 
Freeport. 

Muhlenbergia  sylvatica  (Muhl.)  Torr.  Woodland  Drop- 
seed.      In  dry  open  woods.    Ft.  Atkinson,  Kendallville. 

Oryzopsis  melanocarpa  Muhl.  Black-fruited  Mountain-rice. 
Common  in  woods.  Decorah,  Canoe  creek,  Hesper,  Ft.  Atkin- 
son. 

Phleum  pratense  L.  Timothy.  Very  generally  escaped  from 
cultivation.      Calmar,  etc. 

Alopecurus  geniculatus  L.  Marsh  Fox-tail.  In  wet  places, 
locally  common.     Calmar. 

Sporobolus  cuspidatus  (Torr.)  Wood.  Prairie  Eush-grass. 
Li  dry  open  places.    On  sandy  ridge  near  Freeport. 

Gvnna  arundinacea  L.  Indian  Eeed-grass.  In  woods,  not 
rare,    Hesper. 

Agrostis  alba  L.  Eed-top.  In  low  groimds.  Pammel  (I.e.) 
marks  this  as  occurring  in  Winneshiek  county  in  the  map  on  p. 
166,  but  mentions  no  locality  in  this  county  in  the  text. 

Galamagrostis  canadensis  (Michx.)  Beauv.  Blue  Joint.  In 
low  meadows.    Still  quite  common.    Ft.  Atkinson,  Calmar. 
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Spartina  cynosuroides  (L.)  Willd.  Slough-grass.  Common 
xa  wet  alluvial  soils.    Ft.  Atkinson. 

Bouteloua  curtipendula  (Michx.)  Torr.  {B.  racemosa  Lag.) 
Grrama  Oats.  Locally  common  in  dry  sandy  or  rocky  places. 
Ft.  Atkinson,  Hesper. 

Koeleria  cristata  (L.)  Pers.  Koeleria.  On  dry  sandy  ridges, 
etc.    Calmar;  Decorah  (Goddard). 

Eragrostis  frankii  Steud.  Short-stalked  Meadow-grass.  On 
dry  sandy  ridges.    Freeport. 

Eragrostis  major  Host.  Candy  Grass.  A  common  intro- 
duced weed,  in  waste  and  cultivated  places.    Decorah,  etc. 

Eragrostis  purshii  Schrad.  Southern  Spear-grass.  Li  dry 
soils.    Decorah  (Goddard) ;  Ft.  Atkinson,  Calmar. 

Eatonia  pennsylvanica  (DC.)  A.  Gray.  Eaton's  Grass.  Moist 
woods.    Decorah,  Ft.  Atkinson. 

Melica  mutica  Walt.  Narrow  Melic  Grass.  Eich  soil.  Re- 
ported by  Fitzpatrick. 

Dactylis  glomerata  L.  Orchard  Grass.  Litroduced,  and  com- 
mon in  shaded  places.    Hesper. 

Poa  pratensis  L.  Kentucky  Blue  Grass.  Litroduced,  and 
now  crowding  out  most  of  the  common  grasses,  even  in  deep 
woods.    Hesper,  etc. 

Glyceria  nervata  (Willd.)  Trin.  Nerved  Manna  Grass,  in 
wet  grounds  along  creeks,  etc.    Hesper. 

Glyceria  americana  (Torr.)  Pam.  {G.  grandis  Wats.)  Beed 
Meadow  Grass.    Li  moist  places.    Hesper  (Arthur). 

Festuca  octo flora  Walt.  {F.  tenella  Willd.)  Slender  Fescue 
Grass.  Dry  sandy  soils,  locally  common.  Calmar,  sandstone 
ledges  near  Hesper. 

Festuca  nutans  Willd.  Nodding  Fescue.  Frequent,  in  woods^ 
Hesper. 

Bromus  purgans  L.  {B.  ciliatus  var.  purgans  Gray.)  Brome 
Grass.  Locally  common  on  dry,  sparsely  wooded  banks.  De- 
corah, Ft.  Atkinson. 

Bromus  cUiatus  L.  Fringed  Brome  Grass.  Common  in  open 
woodlands.    Fort  Atkinson,  Decorah,  Canoe  creek,  Hseper. 

Bromxis  kalmii  Gray.  Kalm's  Brome  Grass.  In  moist  thick- 
its.     Decorah. 
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Bromus  secdlinus  L,  Cheat.  An  introduced  weed,  quite  com- 
mon.   Calmar. 

Bromus  racemosus  commutatus  L,  {B.  asper  L.)  Upright 
Chess.  An  introduced  weed,  not  rare.  Decorah  (Savage),  Cal- 
mar. 

•  Agropyron  teneriim  Vasey.  (Agropyrum.)  Slender  Wheat- 
grass.  In  dry,  open  places.  Locally  common.  Decorah,  Cal- 
mar. 

Agropyron  Occident  ale  Scrib.  (Not  in  Gray.)  Colorado  Blue- 
stem.    Quite  common  on  dry  prairie.     Calmar,  Ft.  Atkinson. 

Agropyron  repens  Beauv.  {Agropyrum.)  Couch-grass.  A 
common  introduced  weed.    Calmar. 

Agropyron  caninum  (L.)  R.  &  S.  {Agropyrum.)  Awned 
Wheat-grass.    In  rich  soil.    Introduced(t).    Calmar. 

Hordeum  jubatum  L.  Squirrel-tail  Grass.  Very  common  in 
pastures,  waste  places,  etc.    Calmar,  etc. 

Elymus  striatum  Willd.  Slender  Lyme-grass.  Bather  common 
in  woods.    Decorah,  Hesper. 

Elymus  canadensis  L.  Canada  Lyme-grass.  Common,  on 
shaded  banks.    Decorah. 

Elymus  robu^tus  S.  and  S.  {E.  canadensis  L.,  in  part.)  Bobust 
Wild  Eye.    Not  rare,  on  moist  banks.    Calmar. 

Asprella  hystrix  Willd.  Bottle-brush  Grass.  Locally  common 
on  wooded  banks.    Ft.  Atkinson,  Calmar,  Decorah,  Hesper. 

Family  2,    Cyperacea,    Sedges.* 

Cyperus  diandrus  Torr.  Low  Cyperus.  Marshy  places. 
Decorah  (Cratty). 

Cyperus  schweinitzii  Torr..  Schweinitz's  Cypress.  In  sandy 
soils.    Decorah  (Gtoddard). 

Cyperus  esculentus  L.  Yellow  Nut-grass.  Locally  common 
in  moist,  open  places.    Hesper,  Ft.  Atkinson. 

Cyperus  filiculmis  Vahl.  Slender  Cyperus.  Frequent  on  dry 
open  ridges,  etc.    Decorah  (Goddard) ;  Hesper. 

Eleocharis  ovata  (Both)  B.  &  S.  Ovoid  Spike-rush.  In  wet 
soil,  quite  common.    Ft.  Atkinson. 

Eleocharis  palustris  (L.)  B.  &  S.  Creeping  Spike-rush. 
Swamps  and  edges  of  ponds.    Decorah  (Savage). 

*Mo8t  off  the  specimens  here  listed  were  examined  by  Mr.  R.  I.  Oratty. 
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Sdrpus  americanus  Pers.  {S.  pungens  Vahl.)  Chairmaker'a 
Bush.    In  water,  etc.    Decorah  (Savage). 

Sdrpus  validus  Vahl.  {S.  lacustris  L.)  Great  Bull-rush. 
Locally  common,  in  swamps,  etc.    Moneek. 

Sdrpus  atrovirens  Muhl.  Dark-green  Bull-rush.  Common 
in  swamps  and  bogs.    Decorah  (Goddard) ;  Hesper,  Calmar. 

Sdrpus  cyperinus  (L.)  Kunth.  {Eriophorum  cyperi/num  L.) 
Wool-grass.    Frequent,  in  swamps.    Ft.  Atkinson. 

Carex  lupvlina  Muhl.  Hop  Sedge.  Swamps  and  ditches. 
Decorah  (Goddard). 

Carex  hystridna  Muhl.  Porcupine-sedge.  Common  in  bogs. 
Hesper. 

Carex  stricta  Lam.  Tussock  Sedge.  In  swamps.  Decorah 
(Goddard). 

Carex  longirostris  Torr.  Long-beaked  Sedge.  On  moist 
shaded  banks.    Decorah  (Goddard). 

Carex  amphihola  Steud.  (C  grisea  var.  (!)  rigida  Bailey.) 
Uarrow-leaved  Sedge.    In  dry  soil.    Decorah  (Goddard). 

Carex  alhursina  Sheldon.  (C  laxiflora  var.  latifolia  Boott.) 
White-beaked  Sedge.    Not  rare,  on  shaded  slopes.  Decorah. 

Carex  pennsylvanica  Lam.  Early  Sedge.  Common  in  dry 
open  woods.    Decorah  (Goddard). 

Carex  sHpata  Muhl.  Awl-pointed  Sedge.  Eeported  by  Fitz- 
patrick. 

Carex  gravida  Bailey.  Heavy  Sedge.  In  moist  places.  De- 
<5orah  (Gk)ddard).  Tins  is  the  form  which  Cratty  reports  as 
var.  laanflora  Bailey. 

Carex  vulpinoidea  Michx.  Fox  Sedge.  Common  along  edges 
of  swamps  and  in  wet  meadows.    Hesper,  Calmar. 

Carex  rosea  Schk.  Stellate  Sedge.  In  woods.  Decorah 
(Goddard). 

Carex  sparganioides  Muhl.  Bur-seed  Sedge.  Not  common, 
in  moist  woods.   Decorah. 

Carex  cephalophora  Muhl.  Oval-headed  Sedge.  In  dry 
places.    Decorah  (Goddard). 

Carex  tribuloides  Wahl.  Blunt  Broom  Sedge.  Common  in 
meadows.    Calmar. 
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Carex  cristatella  Britt.  (C  tribuUndes  var.  cristata  Bailey.) 
Crested  Sedge.  Frequent,  iti  meadows  and  moist  shaded  places. 
Calmar. 

Carex  tenera  Dewey.  {C.  straminea  var.  aperta  Boott.) 
Marsh  Straw-sedge.    Reported  by  Fitzpatrick. 

Carex  festucacea  Willd.  (C  straminea  var.  brevior  Dewey.) 
Fescue  Sedge.    Decorah  (Goddard). 

Order  2.    Pandanales 
Family  1.     Typkacea, 

Typha  latifolia  L.  Common  Cat-tail.  In  swamps.  Not  rare. 
Decorah  (Cratty),  Moneek. 

Family  2.    Sparganiacea, 

Sparganium  eurycarpum  Engelm.  Common  Bur-reed.  In 
marshy  places.    Reported  by  Fitzpatrick. 

Orders.   Naiadales. 
Family  1.    Naiadacea, 

Potamogeton  foliosus  Raf.  (P.  pauciflorus  Pursh.)  Leafy 
Pondweed.    Common  in  ponds.    Ft.  Atkinson. 

Potamogeton  lonchites  Tuck.  (P.  fluitans  Roth.)  Long-leaved 
Pondweed.    Upper  Iowa  river  (Fitzpatrick). 

Family  2,    Alismaeea. 

Alisma  plantago-aquatica  L.  {A.  plantago  L.)  Water-plan- 
tain. Common  in  shallow  water  or  mud.  Decorah  (Cratty), 
Hesper. 

Sagittaria  latifolia  Willd.  (S.  variabilis  Engelm.)  Broad- 
leaved  Arrowhead.  Common  in  mud  and  shallow  water  along 
ponds  and  sluggish  streams.    Decorah,  Ft.  Atkinson. 

Sagittaria  rigida  Pursh.  {S.  heterophylla  Pursh.)  Sessile- 
fruited  Arrowhead.    Reported  by  Fitzpatrick. 

Family  3.     Vallisnetiacea. 

PhUotria  canadensis  (Michx.)  Britt.  {Elodea  canadensis 
Michx.)    Ditchmoss.    Common  in  ponds.    Decorah  (Cratty). 

Vallisneria  spiralis  L.  Eel-grass.  In  the  Upper  Iowa  river. 
Bluff  ton  (Cratty). 

Order  I.    Arales. 
Family  I.    Aracea.    Arumi. 

Arisaema  triphyllum  (L.)  Torr.    Indian  Turnip.     Common     ^ 
in  rich  woods.    Decorah  (Savage,  Cratty) ;  Calmar. 
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Arisaema  dracontium  (L.)  Schott.  Dragon-root.  Less  abund- 
ant, in  alluvial  woods.    Decorah  (Cratty). 

Spathyema  foetida.  (L.)  Raf.  (Symplocarpus  foetidus 
Salisb.)  Skank  Cabbage.  Common  in  shaded  bogs.  Decorah 
(Cratty),  Bluffton,  etc. 

Acorus  calamus  L.  Calamus.  Locally  common  in  swamps  and 
bogs,    Decorah  (Cratty),  Hesper,  said  to  be  introduced. 

Family  2,    Lemnacece.    Duckwetds. 

Spirodela  polyrrhiza  (L.)  Schleid.  Greater  Duckweed.  Float- 
ing on  still  water,  abundant  locally.    Decorah  (Cratty). 

Lemna  trisulca  L.  Duckweed.  Not  rare,  in  still  water.  Decorah 
(Cratty). 

Order  6.    Xyridales. 
Family  1.     Cammeltnace(E , 

Tradescantia  hracteata  Small.  (T.  virginica  L.,  in  part.) 
Long-bracted  Spiderwort.  Common  in  sandy  soil.  Decorah 
(Savage) ;  Ft.  Atkinson. 

Tradescantia  reflexa  Eaf.  {T.  virginica  L.,  in  part.)  Reflexed 
Spiderwort.    Common,  in  sandy  soil.    Calmar. 

Order  6.   Liliales. 
Family  I,    Juncacece*    Rushes. 

Juncus  tenuis  Willd.  Slender  Rush.  In  hard  soils,  common. 
Calmar;  Decorah  (Goddard). 

Juncus  vaseyi  Engelm.  Vasey's  Rush.  Not  rare.  In  moist 
open  places.    Ft.  Atkinson. 

Juncus  nodosus  L.  Knotted  Rush.  Common  along  edges  of 
ponds  and  in  open  boggy  places.    Ft.  Atkinson. 

Family  2,    Melanthacea , 

Zygadenus  elegans  Pursh.  Glaucous  Zygadenus.  Not  com- 
mon.   Decorah  (Goddard). 

Uvularia  grandiflora  J.  E.  Smith.  Common  Bell-wort.  Com- 
mon in  rich  woods.    Hesper,  Ft.  Atkinson;  Decorah  (Goddard). 

Uvularia  sessilifolia  L.  {Oakesia  sessilifolia  Wats.)  Sessile- 
leaved  Bell-wort.    Reported  by  Fitzpatrick. 

Family  J*    Liliaceoe,     Lilies. 

Allium  tricoccum  Ait.  Wild  Leek.  Locally  common  in  rich 
woods.   Hesper. 

Allium  cernuum  Roth.  Nodding  Wild  Onion.  On  shaded 
banks,  etc.    Not  rare.    Hesper;  Decorah  (Arthur). 
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Allium  stellatum  Ker.  Prairie  Wild  Onion.  Common  on 
rocky  banks  and  slopes.    Hesper. 

IMivm  umbellatum  Putsh.  (L.  phUadelphwum  L.,  in 
part.)  Western  Red  Lily.  Formerly  very  abundant,  but  now 
restricted  by  cultivation  of  prairies.    On  dry  prairie.    Hesper. 

Lilium  canadense  L.  Wild  Yellow  Lily.  Locally  common  in 
prairie  bogs  and  meadows.    Calmar. 

Erythronium  americanum  Ker.  Yellow  Adder's  Tongue.  In 
rich  woods.    Hesper  (Arthur). 

Erythronium  albidum  Nutt.  White  Dog-tooth  Violet.  Re- 
ported by  Fitzpatrick. 

family  4 .     Convallariacea . 

Asparagus  officinalis  L.  Asparagus.  Naturalized  in  woods 
and  elsewhere.    Decorah. 

Vagnera  racemosa  (L.)  Morong.  {SmUacina  racemosa 
Desf.)  Wild  Spikenard.  Common  in  rich  woods  and  thickets. 
Calmar. 

Vagnera  stellata  (L.)  Morong.  {SmUacina  stellata  Desf.) 
Smaller  False  Solomon's  Seal.  Common  on  moist  prairie,  etc. 
Calmar. 

Unifolium  canadense  (Desf.)  Greene.  Maianthemum  cana- 
dense Desf.)  False  Lily-of-the-Valley.  Rather  common  in  rich 
woods.    Decorah  (Savage),  Hesper. 

Sdlomonia  commutata  (R.  &  S.)  Britt.  (Polygonatum  gigan- 
teum  Diet.)  Smooth  Solomon's  Seal.  In  moist  soils,  on  banks, 
along  borders,  etc.  Common.  Decorah  (Savage),  Calmar,  Ft 
Atkinson. 

Trillium  nivale  Rid.  Early  Wake-robin.  Not  rare,  on 
shaded  banks  and  slopes.    Decorah  (Savage),  Bluff  ton. 

Trillium  erectum  L.  Hl-scented  Wake-robin.  Locally  com- 
mon on  wooded  banks.    Decorah  (Arthur),  Ft.  Atkinson. 

Family  5.    Smilacece.    Smilaz. 

SmUax  herhacea  L.  Carrion-flower.  Common  in  thickets,  etc 
Decorah  (Savage),  Calmar. 

SmUax  ecirrhata  (Engelm.)  S.  Wats.  Upright  Smilax.  Re- 
ported by  Fitzpatrick. 

Smilax  hispida  Muhl.  Hispid  Greenbrier.  Common  in 
woods  and  thickets.    Decorah  (Savage). 
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Brntnily  6,    Amaryllidacea, 

Hypoxis  hirsuta  (L.)  Gov.  (E.  erects  L.)  Star-grass.  In 
open  woods,  etc.      Common.      Decorah  (Savage). 

Family  7.    Diosctfreacece, 

Dioscorea  vUlosa  L.  Wild  Yam-root.  Reported  by  Fitzpat- 
rick. 

Family  8,    Iridacea, 

Iris  versicolor  L.  Blue  Flag.  Locally  common  in  marshes 
and  wet  meadows.     (Fitzpatrick). 

Sisyrinchium  angustifolium  Miller.  Blue-eyed  Grass.  Com- 
mon in  open,  especially  sandy  places.    Freeport,  Hesper. 

Order  7.    Orchidales. 
Family  1,     Orchidacea,    Orchids. 

Cypripedium  reginae  Walt.  (C.  spectabile  Salisb.)  Showy 
Lady's  slipper.    Not  common,  in  deep  moist  woods.    Bluff  ton. 

Cypripedium  candidum  Willd.  Small  White  Lady's  Slipper. 
In  bogs,  rare.    Decorah  (on  authority  of  Holway). 

Cypripedium  hirsutum  Mill.  (C  pubescens  Willd.)  Large 
Yellow  Lady's  Slipper.  Bather  common,  in  deep  woods. 
Canoe  creek,  Decorah,  Hesper. 

Cypripedium  parviflorum  Salisb.  Small  Yellow  Lady's 
Slipper.  With  the  preceding,  but  less  common.  Scarcely  a 
distinct  species.    Hesper. 

Galeorchis  spectabilis  (L.)  Bydb.  {Orchis  spectabilis  L.) 
Showy  Orchis.  In  rich  woods,  not  common.  Canoe  creek, 
Hesper. 

Coeloglossum  bract eatum  (Willd.)  Pari.  {Habenaria  bracte- 
ata  B.  Br.)      Long-bracted  Orchis.    Beported  by  Fitzpatrick. 

Limnorchis  hyperborea  (L.)  Bydb.  (Habenaria  hyperborea 
B.  Br.)  Leafy  Green  Orchis.  Bare,  in  deep  upland  woods. 
Hesper  (Arthur). 

Lysias  hookeriana  (A.  Gray)  Bydb.  (Habenaria  hookeri 
Torr.)  Hooker's  Orchis.  Locally  common  in  deep  upland 
woods.    Hesper,  Canoe  creek. 

Blephariglottis  leucophaea  (Nutt.)  Bydb.  (Habenaria  leuco- 
phaea  Gray.)  White  Fringed-Orchid.  Prairie  bogs  and  wet 
meadows.    Not  common.    Ft.  Atkinson. 
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Gyrostachys  gracilis  (Bigel.)  Kuntze.  {Spiranthes  gracilis 
Bigel.)  Slender  Ladies'  Tresses.    Decorah   (Arthur). 

Peramivm  pubescens  (Willd.)  MacM.  {Goodyera  pubescens 
E.  Br.  Eattle-snake  Plantain.  In  deep  upland  woods.  Not 
rare.    Hesper. 

Acroanthes  unifolia  (Michx.)  Eaf.  {Microstylis  ophioglosso- 
ides  Nutt.)  Green  Adder's  Tongue.  In  deep  woods.  Decorah 
(Arthur),  Hesper  (Arthur). 

Leptorchis  liliifolia  (L.)  Kuntze.  {Liparis  liliifolia  Eich.) 
Large  Twayblade.  Not  rare.  In  deep  upland  woods.  Ken- 
dallville,  Hesper. 

Aplectrum  hyemale  (Muhl.)  Torr.  Putty-root.  Locally 
common  in  deep  woods  southward.    Ft.  Atkinson. 

Corallorhiza  multiflora  Nutt.  Large  Coral-root.  Very  com- 
mon in  deep  upland  woods  northward.    Hesper. 

SUB-CLASS  II.     DICOTYLE DOMES. 

Seriei   I. 

Order  1.  Salicalet. 

Family  Saticaceag,    Poplars;    Willows. 

Populus  alba  L.  Silver-leaf  Poplar.  Naturalized  in  waste 
places.    Decorah. 

Populus  candicans  Ait.  (P.  balsamifera  var,  candicans 
Gray.)  Balm  of  Gilead.  Seemingly  native  on  banks  and 
slopes  along  the  Upper  Iowa.  Kendall ville,  Calmar  (culti- 
vated). 

Populus  deltoid es  Marsh.  (P.  monilifera  Ait.)  Cottonwood. 
Common  along  streams.  Decorah  (Savage),  Calmar.  Also 
observed  at  Ft.  Atkinson,  Kendallville,  Bluffton,  etc. 

Populus  grandidentata  Michx.  Large-toothed  Aspen.  In 
upland  woods.  Not  common.  Decorah  (Savage) ,  Hesper,  north 
fork  of  Bear  creek.  Also  observed  at  Moneek.  Kendallville, 
Canoe  creek,  and  south  fork  of  Bear  creek. 

Populus  tremuloides  Michx.  American  Aspen.  Very  com- 
mon in  thickets,  upland  woods,  etc.  Decorah.  Observed  at 
all  the  other  localities  in  the  county. 

Salix  nigra  Marsh.  Black  Willow.  Not  rare.  In  low 
grounds  along  Turkey  river.  Ft.  Atkinson.  Observed  at 
BluflFton. 
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Salix  amygdaloides  Anders.  Almond-leaved  Willow.  Com- 
mon along  streams,  etc.  Decorah,  Fort  Atkinson  (a  form 
approaching  S.  nigra).  Observed  at  Canoe  creek,  both  forks 
of  Bear  creek,  Bluflfton  and  Kendallville. 

Salix  lucida  Muhl.  Shining  Willow.  Locally  conmion  in  wet 
grounds.  Ft.  Atkinson,  Freeport  (some  are  small  trees).  Ob- 
served at  Canoe  creek  and  Bluffton. 

Salix  alba  L.  White  Willow.  Occasionally  naturalized. 
Decorah  (Savage). 

Salix  cordata  Muhl.  Heart-leaved  Willow.  Very  common 
in  low  grounds.  Kendallville,  Hesper.  Observed  at  Canoe 
creek,  etc. 

Salix  missouriensis  Bebb.  Missouri  Willow.  (Probably 
included  with  S.  cordata  by  Gray.)  In  low  grounds,  not  rare. 
Decorah,  Hesper. 

Salix  interior  Rowlee.(S.  longifolia  Muhl.)  Sandbar  Wil- 
low. Common  on  sandbars,  etc.  Decorah.  Observed  at  Hes- 
per, Canoe  creek,  and  Ft.  Atkinson. 

Salix  petiolaris  J.  E.  Smith.  Slender  Willow.  In  low 
grounds.    Not  conunon.    Calmar. 

Salix  discolor  Muhl.  Glaucous  Willow,  Pussy  Willow.  Com- 
mon in  bogs,  etc.  Decorah  (Savage),  Kendallville,  Canoe  creek, 
Hesper,  etc. 

Salix  ericocephala  Michx.  Pussy  Willow.  (Included  with  the 
preceding  by  Gray.)  Rather  common,  in  low  grounds.  Decorah, 
Hesper.     (The  latter  may  be  a  hybrid,  S.  humUis+S.  discolor.) 

Salix  hvmilis  Marsh.  Prairie  Willow.  Common  in  dry  open 
places.  Calmar,  Decorah,  north  fork  of  Bear  creek.  Also  ob- 
served at  Canoe  creek,  Moneek  and  Ft.  Atkinson. 

Order  2.    Jufflandales. 
Famiiy  Juglatidacea. 

Juglans  nigra  L.  Black  Walnut.  In  rich  grounds.  Decorah 
(Savage).  Also  observed  at  Hesper  and  Moneek. 

Juglans  cinerea  L.  Butternut.  Rather  common,  on  lower 
slopes,  etc.  Decorah.  Also  observed  at  all  the  other  localities 
excepting  Calmar. 
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Hicoria  minima  (Marsh.)  Britt.  {Carya  amara  Nntt.) 
Bittemut.  In  rather  rich  soil,  quite  common.  Decorah,  Mon- 
eek.  Also  observed  at  Hesper,  Canoe  creek,  both  forks  of  Bear 
creek,  Bluflfton  and  Kendallville. 

Hicoria  ovata  (Mill.)  Britt.  {Carya  alba  Nntt.)  Shell-bark 
Hickory.  Bather  abundant,  in  rich  soil.  Decorah.  Also 
observed  at  Hesper,  Canoe  creek,  both  forks  of  Bear  creek^ 
Bluflfton,  Kendallville  and  Moneek. 

Orders.    Faff  ales. 
Family  7.     Betulaceoe. 

Carpinus  caroliniana  Walt.  Blue  Beech.  Quite  common  on 
moist  banks,  etc.  Canoe  creek,  Hesper.  Also  observed  at  Ken- 
dallville, and  both  forks  of  Bear  creek. 

Ostrya  virginiana  (Mill.)  Willd.  Iron-wood.  Common  in 
higher  woods.  Decorah,  Hesper,  Ft.  Atkinson.  Also  at  all 
other  localities  here  named  except  Calmar. 

Corylus  americana  Walt.  Hazel-nut.  Common  in  thickets, 
etc.  Kendallville,  Hesper,  Calmar.  Observed  at  all  other  local- 
ities. 

Corylus  rostrata  Ait.  Beaked  Hazel-nut.  Very  rare.  Found 
only  at  Kendallville,  in  rich  soil. 

Betula  papyrifera  Marsh.  Canoe  Birch.  Common  on  rocky 
slopes,  etc.  Hesper,  Canoe  creek,  both  forks  of  Bear  creek, 
Kendallville,  Bluflfton,  Decorah. 

Alnus  iccana  (L.)  Willd.  Hoary  Alder.  On  rocky  banks 
and  slopes,  not  abundant.  Bluflfton,  Coldwater  Spring,  Canoe 
creek. 

Family  2 ,    Fagacea , 

Quercus  rubra  L.  Red  Oak.  Quite  common,  chiefly  in  upland 
woods.  Typical  specimens  were  obtained  at  Decorah,  Free- 
port,  Hesper,  Highlandville  and  Plymouth  Rock.  A  variety 
with  typical  leaves,  but  narrow  acorns  with  convex  or  almost 
obconical  cups  was  found  at  Moneek  and  Hesper.  It  may  be  a 
distinct  species. 

Quercus  schneckii  Britt.  Schneck's  Red  Oak.  (Not  in  Gray. 
Sargent  calls  this  Q.  texana  Buckl.)  This  and  the  two  follow- 
ing species  have  been  indiscriminately  reported  as  Q.  coccinea 
in  Iowa.     The  writer  has  not  been  able  to  find  true  Q.  coccinea 
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Muench.  in  the  state.  The  inner  bark  of  the  three  species  here 
recognized  is  yellow,  never  red.  Common  in  upland  woods. 
Specimens  from  Canoe  creek,  Kendallville,  Moneek  and  Decorah 
seem  to  be  typical,  while  others  from  Hesper,  Moneek,  Free- 
port,  Calmar  and  Ft.  Atkinson  approach  Q.  velutina  in  the 
character  of  the  acorn.  The  series  is  interesting,  and  needs 
further  study. 

Quercus  borealis  Michx.  {Q.  coccinea  var.  amhig'ua  Gray.) 
Gray  Oak.  Specimens  which  appear  to  be  typical,  and  which 
agree  exactly  with  Engelmann's  specimens  labelled  Q.  ambigua 
in  the  herbarium  of  the  St.  Louis  Botanical  Garden,  were  col- 
lected at  Hesper  and  Sattre,  and  observed  throughout  the 
northeastern  part  of  the  county  in  upland  groves  remote  from 
streams,  and  frequently  in  the  company  of  the  preceding  species. 
The  leaves  are  like  the  moderately  lobed,  broad,  typical  leaves 
of  Q,  rubra,  while  the  acorns  resemble  those  of  Q.  velutina,  but 
the  scales  of  the  cup  are  appressed.  The  bark  is  comparatively 
smooth,  thin  and  very  brittle,  and  the  general  aspect  of  the 
tree  is  different  from  that  of  any  other  Iowa  oak.  Sargent 
refers  Q.  ambigua  (which  is  the  same  as  this  species)  to  Q. 
rubra,  but  judging  from  the  specimens  here  reported  this  is 
certainly  an  error. 

Quercus  velutina  Lam.  {Q.  coccinea  var.  tinctoria  Gray.) 
Yellow  Oak;  Black  Oak.  This  species  is  rather  common  in 
the  southern  part  of  the  county.  It  was  obtained  at  Decorah^ 
and  observed  at  Ft.  Atkinson,  etc.  The  species  is  replaced 
northward  by  the  two  preceding  species. 

Quercus  alba  L.  White  Oak.  Common  in  upland  groves  and 
deep  woods,  especially  near  streams.  Decorah  (Savage), 
Bluffton,  Highlandville.  Also  observed  at  Hesper,  Canoe 
creek,  both  forks  of  Bear  creek,  Kendallville,  Moneek  and  Ft. 
Atkinson.    Our  most  valuable  forest  tree. 

Quercus  macrocarpa  Michx.  Bur  Oak.  Common  in  upland 
woods.  Collected  at  Decorah  and  Calmar,  and  observed  in  all 
parts  of  the  county  where  collections  were  made.  This  tre^ 
is  very  variable  in  the  size  and  form  of  the  leaves  and  acorns, 
according  to  habitat. 
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Order  4.    Urticales. 
Family  1,     Ulmacea, 

Ulmus  americana  L.  White  Elm.  Common  in  alluvial  woods. 
Decorahy  north  fork  of  Bear  creek.    Observed  at  all  the  stations. 

Uhniis  racemosa  Thomas.  Cork  Elm.  Rather  common,  on 
rocky  slopes.  Canoe  creek,  north  fork  of  Bear  creek.  Observed 
at  Highlandville  and  Bluffton. 

Ulmus  fvlva  Michx.  Red  Elm;  Slippery  Elm.  Common  in 
upland  woods.    Decorah,  Kendallville. 

Celtis  crassifolia  Lam.  (C.  occidentalis  L.,  in  part.)  Hack- 
berry.  Rather  common,  often  on  higher  grounds.  Decorah. 
Observed  at  Bluffton  and  Kendallville. 

Family  2      Meracear, 

Cannabis  sativa  L.  Hemp.  Conmaon  in  waste  places.  Intro- 
duced.   Ft.  Atkinson,  etc. 

Family  3.     UrticacetE, 

Urtica  gracilis  Ait.  Slender  Nettle.  .  Conunon  in  rather  dry 
places.    Canoe  creek,  Calmar. 

Urticastrvm  divaricatum  (L.)  Kuntze.  {Laportea  canadensis 
Gaud.)    Wood  Nettle.    In  rich  woods.    Conmion.    Hesper,  etc. 

Adicea  pumila  (L.)  Ref.  {PUea  pumUa  Gray.)  Richweed. 
Low  places,  quite  conmion.    Hesper. 

Parietaria  pennsylvanica  Muhl.  Pennsylvania  Pellitory.  Dry 
rocky  banks.    Locally  common.    Decorah. 

Orders     Santalales. 
Family  Santataeea^ 

Comandra  umbellata  (L.)  Nutt.  Bastard  Toadflax.  Locally 
conmion  on  dry  hills  and  prairies.    Decorah  (Savage). 

Order  6.    Arittolochialet. 
Family  Aristolochiaceoe. 

Asarum  acuminatum  (Ashe)  Bick.  {A.  canadense  L.,  in 
part.)  Longtipped  Wild  Ginger.  Common  on  shaded  mossy 
(rocky)  banks.    Decorah,  Hesper. 

Asarum  reflexum  Bick.  {A.  canadense  L.,  in  part.)  Short- 
lobed  Wild  Ginger.  Locally  common  in  alluvial  woods.  De- 
corah. 
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Order  7.    Poljffonales. 
Family  Poiygonacea. 

Rumex  acetosella  L.  Sheep  Sorrel.  Conunon  in  dry  fields 
and  waste  places.    Calmar,  Hesper. 

Btbtnex  verticillatus  L.  Swamp  Dock.  In  swamps.  Re- 
ported by  Fitzpatrick. 

Rumex  altissimus  Wood.  Tall  Dock.  Common  in  low  places. 
Decorah  (Savage),  etc. 

Rumex  patientia  L.  Patience  Dock.  Common  in  waste 
places.     Introduced.     Calmar. 

Rumex  brittanica  L.  Great  Water-dock.  Common  in  wet 
places.    Calmar,  etc. 

Rumex  crispus  L.  Curled  Dock.  Introduced.  Decorah 
(Arthur). 

Fagopyrum  fagopyrum  (L.)  Karst.  (F.  esculentum  Moenck) 
Buckwheat.  Not  uncommonly  naturalized  in  waste  places.  Ft. 
Atkinson,  etc. 

Polygonum  amphibium  L.  Water  Persicaria.  Aquatic.  Re- 
ported by  Fitzpatrick. 

Polygonum  emersum  (Michx.)  Britt.  (P.  muhlenbergii  S. 
Wats.)  Swamp  Persicaria.  Locally  common  in  ponds.  Ft. 
Atkinson. 

Polygonum  incarnatum  Ell.  (P.  lapathifolium  var.  incar- 
natum  Wats.)  Pink  Persicaria.  Common  in  wet  soils.  De- 
corah, Ft.  Atkinson. 

Polygonum  lapathifolium  L.  Pale  Persicaria.  Common  in 
waste  places.    Introduced. 

Polygonum  pennsylvanicum  L.  Pennsylvania  Smartweed. 
Common  in  moist  soil.    Decorah,  Hesper,  Calmar. 

Polygonum  persicaria  L.  Lady's  Thumb.  Introduced  weed. 
Calmar,  etc. 

Polygonum  hydropiper  L.  Smartweed.  In  moist  grounds, 
common.    Ft.  Atkinson,  etc. 

Polygonum  virginianum  L.  Virginia  Knotweed.  Rather  com- 
mon in  woods.    Decorah  (Goddard),  Canoe  creek. 

Polygonum  aviculare  L.  Doorweed.  A  common  introduced 
door-yard  weed.    Calmar,  Hesper,  etc. 

Polygonum  camporum  Meisn.  Prairie  Knotweed.  In  dry, 
sandy  soil.    Near  Hesper. 


180  FLORA  OF  WINNESHIEK  OODNIY. 

Polygonum  tenue  Michx.  Slender  Bjiotweed.  Locally  com- 
mon in  dry  sandy  soil.  Decorah  (Holway),  the  St.  Peter  sand- 
stone region  near  Hesper. 

Polygonum  douglasii  Greene.  Douglas'  Knotweed.  (Not 
included  in  Gray.)  With  the  preceding  in  the  vicinity  of  Hes- 
per, and  even  more  abundant. 

Polygonum  convolvulus  L.  Black  Bindweed.  A  common 
introduced  weed.     Calmar,  Hesper,  etc. 

Polygonum  scandens  L.  (P.  dumetorum  var.  scandens  Gray.) 
Climbing  False  Buckwheat.    Eeported  by  Fitzpatrick. 

Polygonum  sagittatum  L.  Arrow-leaved  Tear-thumb.  In  low 
grounds.    Eeported  by  Fitzpatrick. 

Order  8.    Chenopodiales. 
Family  I.     ChtnopodiacecB . 

Chenopodium  album  L.  Lamb^s  Quarters.  A  common  intro- 
duced weed.    Eeported  by  Fitzpatrick. 

Chenopodium  glaucum  L.  Oak-leaved  Goosefoot.  A  common 
introduced  weed.     Calmar. 

Chenopodium  hybridum  L.  Maple-leaved  Goosefoot.  Common 
in  woods.    Decorah. 

Salsola  tragus.  Eussian  Thistle.  Introduced.  Not  common. 
Calmar. 

Salsola  kali  L.     Salt-wort. 

Family  2,    Amaranlhaceoe, 

Amaranthus  retroflexus,  L.  Eough  Pigweed.  A  very  com- 
mon introduced  weed.     Ft.  Atkinson,  Decorah  (Goddard). 

Amaranthus  blitoides  S.  Wats.  Prostrate  Pigweed.  Intro- 
duced from  the  west.    A  common  weed.     Ft.  Atkinson,  etc. 

Family  3.    Nyciaginactae, 

Allionia  nyctaginea  Michx.  {Oxybaphus  nyctagineus  Sweet.) 
Wild  Four-o'clock.    Common  in  dry  open  places.    Calmar. 

Family  4.    Azoiaceoe. 

Mollugo  verticillata  L.  Carpet-weed.  Common  in  sandy  and 
waste  grounds.    Ft.  Atkinson. 

Family  5.    Portulacacecs. 

Claytonia  virginica  L.  Spring  Beauty.  In  rich  alluvial 
woods.     ( Fitzpatrick. ) 


^ 
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Portulaca  oleracea  L.  Purslane.  A  common  introduced  weed. 
Calmar,  etc. 

Family  6 .     Cmryophyliacece . 

Agrostemma  githago  L.  (Lychnis  githago  Scop.)  Introduced 
weed.    Eeported  by  Fitzpatrick. 

SUene  stellata  (L.)  Ait.  Starry  Campion.  Along  borders 
of  thickets,  etc.     Common.    Calmar. 

SUene  alba  Muhl.  Western  White  Campion.  In  moist 
grounds,  along  borders  of  thickets.      Not  rare.    Calmar,  etc. 

SUene  antirrhina  L.  Sleepy  Catchfly.  In  dry  places.  Re- 
ported by  Fitzpatrick. 

Lychnis  alba  Mill.  (L.  vespertina  Sibth.)  White  Campion. 
Introduced  weed.    Decorah  (Arthur),  Hesper. 

Saponaria  officinalis  L.  Soapwort.  Introduced.  Locally 
common  in  waste  places,  etc.     Ft.  Atkinson. 

Vaccaria  vaccaria  (L)  Britt.  {Saponaria  vaccaria  L.)  Cow- 
herb.    Introduced.    Reported  by  Fitzpatrick. 

Alsine  media  L.  (Stellaria  media  Smith.)  Common  Chick- 
weed.  Common  weed  in  waste  places,  etc.  Introduced.  Hes- 
per, etc. 

Alsine  longifolia  (Muhl.)  Britt.  (Stellaria  longifolia  Muhl.) 
Long-leaved  Stitchwort.  Common  in  wet  meadows,  etc.  De- 
corah (Goddard). 

Cerastium  longipedunculatum  Muhl.  (C  nutans  Baf.)  Nod- 
ding Chickweed.  Common  in  moist  woods,  etc.  Decorah  (Sav- 
age), Hesper,  Ft.  Atkinson. 

Cerastium  arvense  L.  Field  Chickweed.  Reported  by  Fitz- 
patrick. 

Cerastium  arvense  oblongifolium  (Torr.)  Holl.  &  Britt.  In 
rocky  places.  This  variety  was  founded  on  Winneshiek  county 
material.*    Decorah  (Holway). 

Moehringia  lateriflora  (L.)  Fenzl.  {Arenaria  lateriflora  L.) 
In  moist,  shaded  places.    Decorah  (Savage). 


•See  Bull.    Torrey  Bot.  Olub,  Vol.  XIV,  p.  48, 1887. 
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Order  9.    Banales 
Family  1.     NymphtEacatE , 

Nymphaea  advena  Sol.  {Nuphar  advena  Ait.  f.)  Yellow 
Pond-lily.    In  permanent  ponds.    Not  common.    Ft.  Atkinson. 

Castalia  odorata  (Dry.)  W.  &  W.  {Nymphaea  odorata  Ait.) 
Sweet-scented  White  Water-lily.  In  permanent  ponds.  Rare. 
Ft.  Atkinson. 

Family  2,     RAnunculaceoe, 

Hydrastis  canadensis  L.  Orange-root  Golden  Seal.  BarOi 
in  deep  woods.    Canoe  creek. 

Galtha  palustris  L.  Marsh-marigold.  In  bogs  and  wet  mead- 
ows.   Not  common.    Hesper. 

Isopyrum  biternatum  (Raf.)  T.  &  G.  False  Rue-anemone. 
In  rich  alluvial  woods.    Decorah  (Savage). 

Actaea  rubra  (Ait.)  Willd.  {A,  spicata  var,  rubra  Ait.)  Red 
Baneberry,    Not  rare,  in  deep  woods.     Hesper,  Decorah. 

Actaea  alba  (L.)  Mill.  White  Baneberry.  Rich  woods 
Hesper. 

Aquilegia  canadensis  L.  Wild  Columbine.  Common  on 
shaded  rocks.    Decorah  (Savage),  Calmar. 

Delphinium  carolinianiim  Walt.  {D.  azureum  Michx.) 
Prairie  Larkspur.  Still  frequent  on  rather  dry  prairie  west  of 
Ft.  Atkinson. 

Anemone  cylindrica  A.  Gray.  Long-fruited  Anemone.  Com- 
mon on  prairie  and  in  open  places.     Calmar. 

Anemone  virginiana  L.  Tall  Anemone.  Common  in  open 
woods.      Calmar,  etc. 

Anemone  canadensis  L.  {A,  pennsylvanica  L.)  Pennsylvania 
Anemone.  In  moist  grounds.  Common.  Decorah  (Savage), 
Calmar. 

Anemone  quinquefolia  L.  {A.  nemorosa  L.)  Wood  Anemone. 
In  woods.     Reported  by  Fitzpatrick. 

Hepatica  acuta  (Pursh.)  Britt.  {H.  acutiloba  DC.)  Heart 
Liver-leaf.  Common  on  wooded  banks  and  slopes.  Decorah 
(Savage),  Hesper. 

Syndesmon  thalictroides  (L.)  Hoffm.  (AnemoneUa  thalictro- 
ides  Spach.)     Rue-anemone.     In  open  woods.     (Fitzpatrick). 
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PtUsatilla  hirsutissima  (Pnrsh.)  Britt.  {Anemone  patens  var. 
nuttaUiana  Gray.)  Pasque-flower.  On  prairies  and  dry  ridges. 
Not  rare.    Bluflfton,  Decorah. 

Clematis  virginiana  L.  Virgin's  Bower.  Common  along  bor- 
ders of  thickets,  etc.    Ft.  Atkinson,  Decorah,  Hesper. 

Atragene  americana  Sims.  {Clematis  verticillaris  DC.)  Pur- 
ple Virgin's  Bower.  Shaded  rocky  banks.  Found  at  Decorah 
by  Holway  and  Goddard. 

Ranunculus  ovalis  Raf.  (jB.  rhomboideus.)  Prairie  Crowfoot. 
In  open  places.    Reported  by  Fitzpatrick. 

Ranunculus  abortivus  L.  Kidney-leaved  Crowfoot.  In  moist 
shaded  ground.     Common.      Decorah  (Savage),  etc. 

Ranunculus  recurvatus  Poir.  Hooked  Crowfoot.  In  rich 
woods,  locally  frequent.    Hesper. 

Ranunculus  pennsylvanicus  L.  f.  Bristly  Crowfoot.  Reported 
by  Fitzpatrick. 

Ranunculus  septentrionalis  Poir.  Marsh  Butter-cup.  Com- 
mon in  low  grounds.     Decorah  (Savage). 

Ranunculus  fascicularis  Muhl.  Early  Butter-cup.  Reported 
by  Fitzpatrick. 

Batrachium  trichophyllum  (Chaix.)  Bossch.  {Ranunculus 
aquatilis  var.  trichophyllus  Gray.)  Common  White  Water  Crow- 
foot.   Abundant  in  Bear  creek  near  Highlandville. 

Thalictirum  dioicum  L.  Early  Meadow-rue.  Common  on 
wooded  slopes.     Decorah  (Savage),  Hesper. 

Thalictrum  purpurascens  L.  Purplish  Meadow-rue.  Common 
in  open  places.    Calmar,  Decorah  (Goddard),  etc. 

Family  3.     Berberidacecg. 

Caulophyllum  thalictroides  (L.)  Michx.  Blue  Cohosh.  Rather 
colnmon,  in  deep  woods.    Hesper. 

Podophyllum  peltatum  L.  May  Apple.  In  deep  woods.  Not 
common.     ( Fitzpatrick. ) 

Family  4,    MenisPermacece , 

Menispermum  canadense  L.  Moonseed ;  Yellow  Parilla.  Quite 
common,  in  woods.    Decorah  (Savage),  Hesper. 
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Order  10.    Papaveralet 
Family  2.     Papaveraceoe. 

Sanguinaria  canadensis  L.  Bloodroot.  On  well-wooded 
slopes  and  banks,  not  rare.    Decorah  (Savage),  Hesper. 

BicuctUla  cucuLlaria  (L.)  Millsp.  {Dicentra  cucullaria  DC.) 
Dntehman's  Breeches.    In  rich  woods.    Decorah  (Goddard). 

BicucuUa  canadensis  (Gk)ldie.)  MUlsp.  {Dicentra  canadensis 
DC.)     Squirrel  Corn.    Reported  by  Fitzpatrick. 

Capnoides  micranthum  (Engelm.)  Britt.  {Corydalis  micran- 
tha  Gray.)  Small-flowered  Corydalis.  In  woods.  Decorah 
(Goddard). 

family  2,     Cruciierce. 

Lepidium  virginicum  L.  Wild  Pepper-grass.  A  common 
weed.    Hesper,  Calmar,  etc. 

Lepidium  apetalum  L.  (L.  intermedium  Gray.)  Apetalous 
Pepper-grass..    A  weed.    Decorah  (Savage). 

Sisymbrium  officinale  (L.)  Scop.  Hedge  Mustard.  A  com- 
mon naturalized  weed.     Calmar,  etc. 

Sinapis  alba  L.  {Brassica  alba  Boiss.)  White  Mustard.  An 
introduced  weed.    Not  common.     Calmar. 

Brassica  nigra  (L.)  Koch.  Black  Mustard.  A  common  in- 
troduced weed.     Calmar,  etc. 

Brassica  arvensis  (L.)  B.  S.  P.  {B.  sinapistrum  Boiss.)  More 
common  than  the  preceding,  and  observed  at  several  stations. 
(Ktzpatrick.) 

lodanthus  pinnatifidus  (Michx.)  Steud.  {Thelypodium  pin- 
natifidum  Wats.)     Purple  Rocket.    Reported  by  Fitzpatrick. 

Roripa  palustris  (L.)  Bess.  {Nasturtium  palustre  DC.)  Marsh 
Cress.    In  low  grounds.      Calmar. 

Roripa  nasturtium  (L.)  Rusby.  {Nasturtium  officinale  R. 
Br.)     Water  Cress.    In  clear  streams.     Canoe  creek,  Decorah. 

Roripa  armoracia  (L.)  A.  S.  Hitch  {Nasturtium  armoracia 
Pries.)     Horse-radish.    Run  wild.     (Fitzpatrick.) 

Cardamine  bulbosa  (Schreb.)  B.  S.  P.  (C.  rhomboidea  DC.) 
Spring  Cress.    In  bogs,  etc.    Decorah  (Savage). 

Cardamine  hirsuta  L.  Bitter  Cress.  In  moist  grounds.  (Fitz- 
patrick.) 

Dentaria  laciniata  Muhl.  Pepper-root.  Rich  woods.  (FitsB- 
patrick.) 
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Bursa  bursa-pastoris  (L.)  Britt.  {Capsella  bursa-pastoHs 
Moench.)  Shepherd's  Purse..  A  very  common  introduced 
weed.    Decorah  (Savage),  Calmar,  etc. 

Camelina  sativa  (L.)  Crantz.  False  Flax.  An  introduced 
weed.     (Fitzpatrick.) 

Draba  caroliniana  Walt.  Carolina  Whitlow-grass.  In  sandy 
places.     (Fitzpatrick.) 

Sophia  intermedia  Eydb.  {Sisymbrium  canescens  Nutt.,  in 
part.)  Western  Tansy-mustard.  On  dry  ridges,  etc.  Decorah 
(Savage). 

Arabis  lyrata  L.  Lyre-leaved  Rock-cress.  On  rocks,  etc. 
Locally  common.    Decorah. 

Arabis  dentata  T.  &  G.  Toothed  Rock-cress.  In  rocky  places. 
Decorah  (Savage). 

Arabis  laevigata  (Muhl.)  Poir.  Smooth  Rock-cress.  On 
rocky  slopes,  etc.    Decorah  (Savage). 

Arabis  canadensis  L.  Sickle-pod.  In  woods,  etc.  (Fitzpat- 
rick.) 

Arabis  brachycarpa  (T.  &  G.)  Britt.  {A,  confinis  S.  Wats.) 
Purple  Rock-cress.    In  rocky  places.     (Fitzpatrick.) 

Erysimum  cheiranthoides  L.  Worm-seed  Mustard.  Along 
borders  and  on  banks.    Not  rare.     Decorah,  etc. 

Berteroa  incana  (L.)  DC.  Hoary  Alyssum.  Not  common. 
Decorah. 

Family  S,     Capparidacecs , 

Polanisia  trachysperma  T.  &  G.  Large-flowered  Clammy- 
weed.    In  sandy  places.    Ft.  Atkinson. 

Order  11.    Rosales. 
Family  I,     Penthoracecg, 

Penthorum  sedoides  L.  Ditch  Stonecrop.  In  low  wet  places. 
Locally  common.    Decorah,  etc. 

Family  2 .     Pamassiacecg . 

Parnassia  caroliniana  Michx.  Grass  of  Parnassus.  Quite 
rare,  in  bogs  near  Hesper. 

Family  3.     Saxifragacece, 

Saxifraga  pennsylvanica  L.  Swamp  Saxifrage.  Not  rare,  in 
bogs.    Hesper. 
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Sullivantia  sullivantii  (T.  &  G.)  Britt.  {S.  ohionis  T.  &  G.) 
Sullivantia.    Locally  common,  on  faces  of  cliflfs.    Highlandville. 

Heuchera  hispida  Pursh.  Eough  Heuchera;  Almn-root.  Com- 
mon, on  prairie.    Calmar. 

Mitella  diphylla  L.  Two-leaved  Bishop's  Cap.  Common,  on 
shaded  banks.    Decorah  (Savage),  Hesper. 

Chrysosplenium  iowensis  Rydb.  (C  alternifolium  L.)  Iowa 
Golden  Saxifrage.  Bare,  on  shaded  mossy  banks.  Decorah 
(Goddard).    Also  found  in  Dubuque  county. 

Pam ily  4 .     Grossula  riacecs . 

BAhes  cynosbati  L.  Wild  Gooseberry.  Locally  common,  on 
rocky  banks.  Decorah.  Also  observed  at  Canoe  creek,  boti 
forks  of  Bear  creek,  Highlandville  and  Ft.  Atkinson. 

Ribes  missouriensis  Nutt.  (iJ.  gracile  Michx.,  in  part.)  Mis- 
souri Gooseberry.  Common  on  banks  and  in  open  thickets. 
Decorah,  Hesper.  Also  observed  at  Canoe  creek  and  Ft.  Atkin- 
son. 

Ribes  floridum  L'Her.  Wild  Black  Currant.  Not  rare,  in 
low  rich  woods.  Decorah.  Also  observed  at  Hesper,  Canoe 
creek,  and  north  fork  of  Bear  creek. 

Ribes  rubrum  L.  Red  Currant.  Rare,  in  deep  woods  at  Hes- 
per.   May  be  introduced,  but  appears  to  be  native. 

Family  5,    PlatanacctE, 

Platanus  occidentalis  L.  Sycamore ;  Plane-tree.  In  low  woods. 
Rare,  observed  only  at  Bluff  ton. 

/-  a  mily  6 .     Rosacece . 

Opvlaster  intermedins  Rydb.  {Physocarpus  opulifolius,  in 
part.)  Comimon  on  wooded  banks  and  in  thickets.  Decorah. 
Also  observed  along  Canoe  creek,  north  fork  of  Bear  creek,  and 
at  Bluffton  and  Kendallville. 

Spiraea  salicifolia  L.  American  Meadow-sweet.  In  swamps. 
Decorah.    Also  observed  at  Ft.  Atkinson. 

Rubus  americanus  (Pers.)  Britt.  {R.  triflorus  Rich.)  Dwarf 
Raspberry.     Swamps.     (Fitzpa  trick.) 

Rubus  strigosus  Michx,  Wild  Red  Raspberry.  Rather  com- 
mon, on  rocky  banks.  Decorah. 

Rubus  occidentalis  L.  Black  Raspberry.  On  wooded  banks 
and  in  thickets.     Decorah. 
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Ruhus  nigrohaccus  Bailey.  (iJ.  villosus  Ait.)  Blackberry. 
Common  in  thickets.    Decorah. 

Ruhus  procumbens  Muhl.  {R.  canadensis  L.)  Dewberry.  In 
sandy  or  rocky  soil,  not  common.  Decorah,  Hesper.  The  spec- 
imens from  the  latter  locality  have  an  unusually  large  number 
of  leaves  having  but  one  large  leaflet.  This  form  was  reported 
by  the  writer  under  the  name  of  R.  baileyanus*  a  species  which, 
so  far  as  known,  does  not  occur  in  Iowa. 

Drymocallis  arguta  (Pursh.)  Eyd.  {Potentilla  arguta  Pursh.) 
Tall  Cinquefoil.  On  dry  prairie  and  hills,  locally  common.  Ft 
Atkinson. 

Dasiphora  frutwosa  (L.)  Rydb.  {Potentilla  fruticosa  L.) 
Shrubby  Cinquefoil.     Rare.     Decorah  (Arthur). 

Sibbaldiopsis  tridentata  (Soland.)  Bydb.  {Potentilla  triden- 
tata  Soland.)  Three-toothed  Cinquefoil.  Very  common  on  the 
St.  Peter  sandstone  exposures  northeast  of  Hesper. 

Fragaria  virginiana  Duches.  Wild  Strawberry.  In  open 
places,  locally  common.     (Fitzpatrick.) 

Fragaria  americana  (Port.)  Britt.  {F.  vesca  L.)  Wood 
Strawberry.  Locally  common,  in  rocky  places.  Decorah  (Sav- 
age), Canoe  creek.  Ft.  Atkinson. 

Potentilla  monspeliensis  L.  (P.  norvegica  L.)     Rough  Cin- 
quefoil.    Rather  common,  on  banks  and  in  thickets.     Calmar. 
^Potentilla  canadensis  L.  Five-finger.     Common  in  dry  soils. 
Moneek,  Canoe  creek,  etc. 

Geum  virginianum  L.  Rough  Avens.  Moist  woods.  More 
common  than  the  preceding  at  Hesper. 

Geum  macrophyllum  Willd.  Large-leaved  Avens.  In  moist 
woods.     ( Fitzpatrick. ) 

Sieversia  ciliata  (Pursh.)  Rydb.  {Geum  triflorum  Pursh.) 
Reported  by  Fitzpatrick. 

Agrimonia  hirsuta  (Muhl.)  Bick.  {A.  eupatoria  L.)  Com- 
mon in  woods.    Hesper,  etc. 

Rosa  blanda  Ait.  Smooth  Wild  Rose.  Not  rare,  on  shaded 
banks,  etc.    Decorah. 

*   See  Trans.  Iowa  Hort.  Society,  Vol.  88,  p.  468; 
Proc.  Dav.  Acad,  of  Sciences,  Vol.  X,  1901. 
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Rosa  sayi  Schwein.  Prickly  Rose.  Common  on  banks  and  in 
thickets.    Canoe  creek,  Bluflfton,  Calmar,  Ft.  Atkinson. 

Rosa  woodsii  Lindl.  Wood's  Bose.  Not  common,  in  open 
places.    Blnffton. 

Rosa  humUis  Marsh.  Pasture  Bose.  Reported  by  Fitzpat- 
rick.  A  specimen  collected  by  the  writer  at  Calmar  is  probably 
this  species. 

Famiiy  7.     Fomacece, 

Malus  iowensis  (Wood)  Britt.  {Pyrus  coronaria  L.,  in  part.) 
Western  Crab-apple.  Common  in  thickets  at  all  the  stations 
named,  excepting  Calmar. 

Aronia  nigra  (Willd.)  Britt.  {Pyrus  arbutifolia  var.  melano- 
carpa  Hook.)  Black  Choke-berry.  Very  rare.  Found  only 
upon  an  exposure  of  St.  Peter  sandstone  near  Hesper. 

Amelanchier  canadensis  (L.)  Medic.  June-berry.  Bather 
common,  along  river-bluffs,  etc.  Decorah  (Goddard),  Bluffton. 
Observed  at  Hesper,  Canoe  creek,  south  fork  of  Bear  creek  and 
Kendall  villle. 

Amelanchier  hotryapium  (L.  f.)  DC.  {A.  canadensis  var.  ob- 
long if  alia  T  .&  G.)  Shad-bush.  Local,  on  shaded  rocky  banks. 
Decorah  (Goddard),  Bluffton. 

Amelanchier  rotundifolia  (Michx.)  Boem.  {A.  canadensis  var. 
rotundifolia  T.  &  G.)  Bound-leaved  June-berry.  On  wooded 
banks  and  slopes.    Bather  common  locally.    Hesper,  Bluffton. 

Amelanchier  alnifolia  Nutt.  Northwestern  June-berry.  Lo- 
cally frequent  on  dry  slopes.  Decorah  (Savage),  Freeport. 
Also  observed  at  Hesper. 

Crataegus  pv/nctata  Jacq.  Large-fruited  Thorn.  Very  com- 
mon in  thickets.  Decorah,  Bluffton,  Canoe  creek,  north  fork  of 
Bear  creek,  Hesper,  Ft.  Atkinson.  This  is  the  most  common 
red-haw  in  the  county.  Fitzpatrick  also  reports  C.  crus-galli, 
but  one  of  his  specimens  in  the  University  herbarium,  so  la- 
belled, is  certainly  C.  punctata.  The  writer's  notes  contain  ref- 
erences to  C,  crus-galli,  and  the  species  probably  occurs,  but  all 
the  specimens  which  were  collected  are  typical  C.  punctata. 

Crataegus  coccinea  L.  Scarlet  Haw.  What  has  usually  been 
called  C.  coccinea  is  rather  common  in  thickets.    It  is  evidently 
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C.  pruinosa  K.  Koch,  as  recognized  by  Sargent,  and  should  prob- 
ably be  called  by  that  name.  Kendallville,  N.  fork  of  Bear  creek. 

Crataegus  macracantha  Lodd.  Long-spined  Thorn.  Rather 
common  in  thickets.    Decorah  (Savage),  Canoe  creek,  Moneek. 

Crataegus  tomentosa  L.  Pear  Haw.  Quite  common  in  thick- 
ets.    Canoe  creek,  north  fork  of  Bear  creek,  Hesper. 

Family  8.     Drupocees* 

Prunus  americana  Marsh.  Wild  Plum.  Common  in  thickets. 
Decorah,  Ft.  Atkinson.  Also  observed  at  all  the  stations  except- 
ing Calmar  and  Moneek. 

Prunus  pumila  L.  Dwarf  Cherry.  Very  rare.  Found  only 
on  an  exposure  of  St.  Peter  sandstone  near  Hesper,  with  Aronia. 

Prunus  pennsylvanica  L.  f.  Wild  Eed  Cherry.  Common 
along  borders  and  in  thickets.  Hesper,  Canoe  creek.  Also  ob- 
served at  Decorah,  Bluffton  and  north  fork  of  Bear  creek. 

Prunus  virginiana  L.  Choke  Cherry.  Locally  common,  on 
rocky  banks,  etc.  Decorah.  Also  observed  at  Hesper,  Canoe 
creek,  both  forks  of  Bear  creek,  Bluflfton  and  Kendallville. 

Prunus  serotina  Ehrh.  Wild  Black  Cherry.  Common  in  up- 
land woods.  Hesper,  Canoe  creek.  Also  obresved  at  all  the 
other  stations,  excepting  Calmar. 

Family  g.     Cessalpinaceos 

Cassia  chamaecrista  L.  Partridge  Pea.  A  common  weed,  in 
dry  soils.     Decorah.  etc. 

Family  10,     Papilifiaceos, 

Baptisia  bract eata  Ell.  (B,  leucophaea  Nutt.)  Large-bracted 
Wild  Indigo.     Open  places.     (Fitzpatrick.) 

Baptisia  leucantha  T.  &  G.  Wild  Indigo.  Locally  common  on 
rich  prairies.     Calmar. 

Lupinus  perennis  L.  Wild  Lupine.  Collected  by  Holway 
at  Decorah. 

Melilotus  alba  Desv.  White  Sweet-clover.  A  common  intro- 
duced weed.     Calmar,  etc. 

Melilotus  officinalis  (L.)  Lam.  Yellow  Sweet-clover.  Intro- 
duced.   Less  common  than  the  preceding.     (Fitzpatrick.) 

Trifolium  arvense  L.  Stone  Clover.  Introduced.  (Fitzpat- 
rick.) 

Trifolium  pratense  L.  Red  Clover.  Everywhere  escaped 
from  cultivation.    Calmar,  Hesper,  etc. 
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Poly  gala  viridescens  L.  (P.  sanguinea  L.)  Field  Milkwort. 
Rather  common,  on  prairies  and  in  meadows.  Hesper,  Ft. 
Atkinson. 

Polygala  senega  L.  Seneca  Snakeroot.  On  rocky  slopes.  Not 
common.    Bluflfton. 

Family  6.     EuphorbioLcea . 

Euphorbia  maculata  L.  Milk  Purslane.  A  common  weed. 
Calmar. 

Euphorbia  nutans  Lag.  {E,  preslii  Guss.)  Upright  Spurge. 
A  common  weed.     Decorah  (Goddard),  Ft.  Atkinson. 

Euphorbia  corollata  L.  Flowering  Spurge.  Common  in  dry, 
open  places.     Calmar,  etc. 

Euphorbia  commutata  Engelm.  Tinted  Spurge.  Reported 
from  Decorah  by  Arthur. 

Euphorbia  cyparissias  L.  Cypress  Spurge.  Introduced, 
locally  common.    Decorah. 

Order  18.    Sapindales, 
Family  I,     Anacardiaceoe, 

Rhus  hirta  (L.)  Sudw.  {R.  typhina  L.)  Staghom  Sumach. 
Locally  common,  on  rocky  slopes.     Decorah,  Freeport. 

Rhus  glabra  L.  Smooth  Sumach.  Very  common  in  thickets 
and  along  borders,  chiefly  in  dry  places.  Decorah  (Savage), 
Calmar.    Observed  at  all  the  stations. 

Rhus  radicans  L.  {R.  toxicodendron  L.)  Poison  Ivy.  Com- 
mon along  borders,  and  in  low  grounds.  Both  bushy  and  climb- 
ing forms  are  common — the  former  chiefly  in  dry  places.  De- 
corah.   Also  observed  at  Hesper,  Bluflfton,  Kendallville,  etc. 

family  2,     Celastracece, 

Euonymus  atropurpureus  Jacq.  Burning  Bush;  Wahoo.  In 
alluvial  grounds,  and  on  banks.  Not  rare.  Decorah.  Also 
observed  at  Bluflfton. 

Celastrus  scandens  L.  Climbing  Bittersweet.  Rather  com- 
mon, in  woods  and  along  borders.  Decorah.  Also  observed  at 
Hesper,  Canoe  creek  and  at  Bluflfton. 

Family  3.     Slaphyleacecs, 

Staphylea  trifolia  L.  Bladder-nut.  Not  rare,  on  rocky  banks. 
Decorah.    Also  observed  at  Hesper,  Canoe  creek  and  Bluflfton. 
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Family  4,    Aceracea, 

Acer  saccharinvm  L.  {A.  dasycarpum  Ehrh.)  Soft  Maple. 
Common  on  alluvial  grounds.  Kendallville.  Observed  at  Canoe 
creek,  Decorah,  Ft.  Atkinson  and  Bluflfton. 

Acer  saccharum  Marsh.  {A.  saccharinum  Wang.)  Hard 
Maple.  Very  common  in  upland  woods,  and  on  bluffs.  Decorah. 
Observed  at  all  stations  excepting  Calmar  and  Moneek. 

Acer  negundo  L.  {Negundo  aceroides  Moench.)  Box  Elder. 
Common,  especially  in  alluvial  soils.  Decorah  (Savage),  Cal- 
mar.    Observed  at  all  the  stations. 

/*amify  J .     Balsatninacece. 

Impatiens  biflora  Walt.  (/.  fulva  Nutt.)  Spotted  Touch-me- 
not.  In  moist  grounds.  Locally  common.  Ft.  Atkinson,  Hes- 
per. 

Impatiens  aurea  Muhl.  (/.  pallida  Nutt.)  Pale  Touch-me- 
noL  In  moist  places,  but  rather  less  common  than  the  preced- 
ing.    Decorah  (Savage). 

Order  U.    Rhamnales. 
I'amily  L    Rhatnnaceoe, 

Ceanothus  americanus  L.  New  Jersey  Tea.  Common  on  dry 
prairies  and  ridges.  Decorah,  Calmar.  Also  observed  at  the 
north  fork  of  Bear  creek.  Canoe  creek,  Bluffton  and  Kendall- 
ville. 

Ceanothus  ovatus  pubescens  T.  &  G.  (The  variety  is  not  men- 
tioned in  Gray.)  Downy  Red-root.  Bare.  On  dry  prairie  rid- 
ges at  Decorah. 

I'afHily  2,     Vitaceoe, 

Vitis  vidpina  L.  (F.  riparia  Michx.)  Common  Wild  Grape. 
Very  common  along  streams  and  ascending  slopes.  Decorah 
(Savage),  Calmar.    Also  observed  at  all  the  other  stations. 

Parthenocissus  quinquefolia  (L.)  Planch.  {Ampelopsis  quin- 
quefolia  Michx.)  Virginia  Creeper.  Very  common  in  thickets 
and  deep  woods.     Calmar.    Observed  at  all  the  other  stations. 

IS 
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Order  15.    Malyales. 
BjLmily  1.  liltacecg. 

Tilia  americana  L.  Basswood«  Common  in  rich  woods,  espe- 
cially ou  lower  slopes.  Decorah.  Observed  at  all  the  other  sta- 
tions excepting  Calmar. 

Family  2.  Malvacea, 

Malva  rotundifolia  L.  Round-leaved  Mallow;  Monkey-cheese. 
A  common  introduced  weed,  in  waste  places.    Decorah,  etc. 

Malva  crispa  L.  Curled  Mallow.  An  introduced  weed.  One 
specimen  reported  by  Fitzpatrick. 

Napaea  dioica  L.  Glade  Mallow.  In  moist  grounds.  Not 
common.     ( Fitzpatrick. ) 

Ahutilon  abutUon  (L.)  Rusby.  {A.  avicennae  Gaertn.)  Vel- 
vet-leaf. An  introduced  weed,  common  in  waste  places,  etc. 
Decorah,  etc. 

Order  16.   Parietales. 
l*amtiy  1.  Hypereicaceet . 

Hypericum  ascyron  L.  Great  St.  John's-wort.  Locally  com- 
mon in  rather  moist,  open  places.    Hesper,  Decorah. 

Hypericum  sphaerocarpon  Michx.  {H.  cistifolium  Lam.) 
Bound-fruited  St.  John's-wort.  Not  common,  on  rocky  slopes. 
North  fork  of  Bear  creek. 

Hypericum  maculatum  Walt.  Spotted  St.  John's-wort.  Com- 
mon, in  rather  moist  soil.    Hesper,  Ft.  Atkinson. 

Hypericum  canadense  L.  Canadian  St.John's-wort.  On 
moist,  sandy  banks,  etc.    Not  abundant.    Ft  Atkinson. 

Family  2.  Cistacea. 

Helianthemum  ma  jus  (L.)  B.  S.  P.  (Lechea  major  Michx.) 
Hoary  Frostweed.  Quite  common,  on  dry  ridges,  etc.  Hesper, 
Calmar,  etc.  This  species  was  reported  from  the  county  by 
Fitzpatrick  under  the  name  H.  canadense  Mx. 

Lechea  stricta  Leggett.  (Not  included  in  Gray's  Manual.) 
Prairie  Pinweed.  Locally  common  on  dry  sandy  or  rocky  rid- 
ges.   Hesper,  especially  on  the  St.  Peter  sandstone  exposures. 

/*amilyS.  Violacfci, 

Viola  pedatifida  Don.  Prairie  Violet.  Locally  still  common 
on  prairies.     Calmar. 

Viola  pedata  L.  Bird's-foot  Violet.  On  dry,  sandy  slopes 
and  ridges.    Not  rare.    Hesper,  Ft.  Atkinson. 
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Viola  papUionacea  Pursh.  (F.  palmata  var.  cucullata  Gray.) 
Common  Blue  Violet.  Common,  usually  in  thickets  or  along 
borders,  sometimes  in  open  places.    Decorah  (Savage),  etc. 

Viola  scabriuscula  (T.  &  G.  )  Schwein.  {V.  pubescens  var. 
scahriuscula  T.  &  G.)  Common  Yellow  Violet.  Common  in 
rich  alluvial  woods.    Hesper,  etc. 

Viola  canadensis  L.  Canada  Violet.  Locally  common  in  rich 
woods,  especially  on  lower  banks  and  slopes.    Hesper. 

Order  17.   ThymeUles. 
tamiU  1  hymeieactcs . 

Dirca  palustris  L.  Leatherwrood.  Rare  and  local.  Canoe 
creek. 

Order  18.    Myrtales. 
JHamtly  Onagtactce . 

Ludwigia  polycarpa  Short  &  Peter.  Many-fruited  Ludwigia. 
Locally  common  in  wet  grounds,  often  in  water.     Ft.  Atkinson. 

Chamaenerion  angustifolium  (L.)  Scop.  {Epilobium  angusti- 
folium  L.)  Great  Willow-herb.  Locally  common  in  dry  open 
places.    Calmar,  Moneek. 

Epilobium  coloratum  Muhl.  Purple-leaved  Willow-herb. 
Common  in  swampy  grounds.    Ft.  Atkinson. 

Epilobium  adenocaulon  Haussk.  Northern  Willow-herb.  In 
wet  grounds.    Bather  common.     Decorah. 

Onagra  biennis  (L.)  Scop.  {Enothera  biennis  L.)  Common 
Evening  Primrose.  In  dry  soils  and  waste  places.  Common, 
often  a  weed.    Ft.  Atkinson,  Calmar,  etc. 

Meliolix  serrulata  (Nutt.)  Walp.  {Enothera  serrulata  Nutt.) 
In  dry  places.     (Fitzpatrick.) 

Gaura  parviflora  Dougl.  Small-flowered  Gaura.  Not  rare, 
in  dry  soils.    Ft.  Atkinson. 

Circaea  lutetiana  L.  Enchanter's  Nightshade.  Common  in 
deep  woods.    Hesper,  etc. 

Circaea  alpina  L.  Smaller  Enchanter's  Nightshade.  In  deep 
woods.     Not  common.     Decorah   (Goddard),  Canoe  creek. 

Order  19.    Umbellales 
/*amt/y  2    Araltactor 

Aralia  racemosa  L.  American  Spikenard.  Not  rare,  in  deep 
upland  woods.    Decorah. 

Aralia  nudicaulis  L.  Wild  Sarsaparilla.  Common  on  rocky, 
well-shaded  banks.    Decorah  (Savage),  etc. 
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Panax  quvnquefolivm  L.  {Aralia  quinquefolia  D.  &  P.)  Gin- 
seng.   Becoming  rare.    In  deep  rich  woods.    Hesper,  Decorah. 

Family  2,   Umbeliifera. 

Sanicula  marylandica  L.  Saniele.  Common  in  rich  woods. 
Decorah  (Savage),  Calmar,  Hesper. 

Eryngium  aquaticum  L.  {E,  yuccaefolium  Michx.)  Button 
Snake-root.  Not  rare,  on  dry  prairies,  but  also  occurring  in 
moist  grounds.     Calmar. 

Washingtonia  claytoni  (Michx.)  Britt.  {Osmorrhiza  brevi- 
stylis  DC.)  Woolly  Sweet  Cicely.  Common  in  deep  woods. 
Hesper,  Decorah. 

Conium  maculatum  L.  Poison  Hemlock.  In  waste  places. 
Introduced.    Decorah  (Goddard). 

Zizia  aurea  (L.)  Koch.  Golden  Meadow  Parsnip.  In  rather 
moist  open  places.     Decorah  (Savage),  Calmar. 

Cicuta  maculata  L.  Water  Hemlock.  Not  rare,  in  swamps. 
Calmar;  Decorah  (Goddard). 

Bering  a  canadensis  (L.)  Kuntze.  {Cryptotaenia  canaden- 
sis DC.)  Honewort.  Very  common  in  woods.  Hesper,  Decorah, 
etc. 

Taenidia  integer rima  (L.)  Drude.  {Pimpinella  integerrima 
B.  &  H.)  Yellow  Pimpernel.  Common  on  rocky  slopes.  Decorah 
(Savage),  etc. 

Sivm  cicutaefolium  Gmel.  Water-parsnip.  Common  in 
swamps.    Ft.  Atkinson,  Hesper. 

Pastinaca  sativa  L.  Wild  Parsnip.  A  common  weed  in  waste 
places.    Introduced.    Calmar,  Decorah. 

Heracleum  lanatum  Michx.  Cow-parsnip.  In  rather  moist 
soil.    Not  rare.    Decorah  (Goddard). 

Family  3,  Cornaaa, 

Cornus  circinata  L'Her.  Round-leaved  Dogwood.  Common 
on  shaded  rocky  slopes.     Decorah,  Bluflfton,  Highlandville. 

Cornus  stolonifera  Michx.  Red-osier  Dogwood.  Common,  in 
wet  places.    Decorah,  Bluflfton,  Canoe  creek,  Hesper. 

Cornus  candidissima  Marsh.  (C  paniculata  L'Her.)  Pan- 
icled  Dogwood.  Common  on  shaded  banks,  etc.  Ft.  Atkinson^ 
Decorah,  Hesper. 
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Cornus  alternifolium  L.  f .  Alternate-leaved  Dogwood.  Com- 
mon on  wooded  slopes  and  banks.  Decorah,  Canoe  creek,  north 
fork  of  Bear  creek,  Hesper. 

Series  II. 

Order  1.    Erioales. 

family  I.     Pyrolacece, 

Pyrola  elUptica  Nutt.  Shin-leaf.  Common  in  deep  npland 
woods.    Decorah  (Savage),  Ft.  Atkinson,  Canoe  creek,  Hesper. 

Pyrola  secunda  L.  One-sided  Wintergreen.  Rare,  in  deep 
woods.    Hesper,  Decorah  (Holway). 

ChimaphUa  umhellata  (L.)  Nutt.  Pipsissewa.  Rare,  in  np- 
land woods.    Hesper. 

Family  2.    Monotropaceos, 

Monotropa  uniflora  L.  Indian  Pipe.  Very  abundant  in  deep 
upland  woods.    Hesper,  Canoe  creek., 

Hypopitys  americana  (DC.)  Small.  {Monotropa  hypopitys 
L.)  Pine-sap.  Very  abundant  in  deep  upland  woods  at  Hesper. 

Order  2.   Primalalei. 
I'amily  2.     Primulaceoe. 

Steironema  cUiatum  (L.)  Raf.  Fringed  Loosestrife.  Com- 
mon in  wet  prairies.    Calmar. 

Steironema  qiuidriflorum  (Sims.)  Hitch.  {S.  longifolium- 
Gray.)  Prairie  Loosestrife.  In  moist  low  places.  Decorah 
(Goddard). 

Dodecatheon  meadia  L.  Shooting  Star.  On  prairies  and 
treeless  ridges.    Not  rare.     (Fitzpatrick.) 

Order  t.    Gtontianales. 
Family  /.     Oleacece . 

Fraxinus  americana  L.  White  Ash.  Fitzpatrick  reports  this 
as  frequent  in  rich  woods,  but  the  writer  saw  no  specimens  which 
could  be  so  referred  with  certainly.  Most  of  the  specimens 
reported  under  this  name  from  Iowa  undoubtedly  belong  to  the 
following  species. 

Fraxinus  lanceolata  Borck.  (F.  viridis  Michx.f.)  Green 
Ash.  Common  on  alluvial  grounds,  but  also  extending  into 
upland  forests.  Decorah,  Kendallville.  Observed  in  all  the 
forest-covered  parts  of  the  county. 
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FraaAnus  nigra  Marsh.     {F.  sambucifolia  Lam.)     Black  Ash. 
Quite  common  in  upland  woods.    North  fork  of  Bear  creek,. 
Hesper. 

Family  2,    Gentianaceae, 

Gentiana  crinita  Froel.  Fringed  Gentian.  Locally  common 
in  shaded  boggy  places.    Blnflfton,  Fremont  Twp.,  Canoe  creek. 

Gentiana  quinquefolia  occidentalis  (A.  Gray.)  A.  S.  H.  (G. 
quinqueflora  var.  occidentalis  Gray.)  Stiff  Gentain;  Western 
Ague-weed.  Chiefly  on  dry,  rocky  slopes.  North  fork  of  Bear 
creek,  Decorah,  Kendallville. 

Gentiana  puberula  Michx,,  Prairie  Gentian.  On  dry  prairies. 
(Fitzpatrick.) 

Gentiana  andrewsii  Griseb.  Closed  Gentian.  In  moist  woods. 
Not  common.    Hesper. 

Gentiana  flavida  A.  Gray.  ((?.  alba  Muhl.)  Yellowish  Gen- 
tian.   Not  common.    In  deep  woods.    Bluffton. 

Family  J,    At>ocynac€C€cg, 

Apocynum  androsaemifolium  L.  Spreading  Dogbane.  In 
thickets,  etc.    Common.    Calmar,  Moneek. 

Acopynum  cannabinum  L.  Indian  Hemp.  On  prairies  ismd 
in  open  places.    Not  rare.     Calmar. 

Family  4,    Asclepiadacea, 

Asclepias  tuberosa  L.  Pleurisy-root.  On  dry  prairies  and  rid- 
ges.    Common.    Ft.  Atkinson. 

Asclepias  incarnata  L.  Swamp  Milkweed.  Common  in 
swamps  and  wet  meadows.    Decorah. 

Asclepias  syriaca  L.  (A.  cornutiDec.)  Common  Milkweed. 
In  open  and  waste  places.    Common.     Calmar. 

Asclepias  exaltata  (L.)  Muhl.  {A.  phytolaccoides  Pursh.) 
Tall  Milkweed.    In  thickets.     (Fitzpatrick.) 

Asclepias  verticillata  L.  Whorled  Milkweed.  Common  on 
dry  prairies,  etc.    Ft.  Atkinson. 

Ipomoea  pandurata  (L.)  Meyer.  Wild  Potato  Vine.  Dry 
soil.     (Fitzpatrick.) 
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Order  4.   Polemoniales. 
Family  2.     ConvolvulacciB. 

Convolvulus  sepium  L.  Hedge  Bindweed.  Common  in  fields 
and  waste  places.    Decorah  (Goddard),  Calmar. 

Convolvulus  arvensis  L.  Small  Bindweed.  In  fields  and 
waste  places.    Introduced.    Calmar. 

I^amily  2,     Cuscuiaceoe, 

Cuscuta  cephalanthi  Engelm.  Dodder.  On  coarse  herbs,  etc. 
Common.    Decorah. 

Cuscuta  gronovii  Willd.  (C.  gronovii  var.  latifolia  Engelm.) 
The  variety  latifolia  was  reported  from  Hesper  by  Arthur. 

Cuscuta  paradoxa  Raf.  (C  glomerata  Chois.)  Glomeratct 
Dodder.    Reported  by  Fitzpatrick. 

jFam  ily  j ,     PoU  tnon  iacccs . 

Phlox  pUosa  L.  Prairie  Phlox.  Common  on  prairies,  and 
open  ridges.    Decorah,  Ft.  Atkinson. 

Phlox  divaricata  L.  Wild  Blue  Phlox.  Common  in  alluvial 
woods.    Decorah  (Savage). 

Polemonium  reptans  L.  Jacob's  Ladder.  Common,  in  woods. 
Decorah,  Hesper. 

Famiiy  4,    Hydrophyllacea, 

Hydrophyllum  virginicum  L.  Virginia  Water-leaf.  Com* 
mon,  in  rich  woods.    Decorah  (Savage). 

Hydrophyllum  appendiculatum  Michx.  Appendaged  Watec* 
leaf.    In  rich  woods.     (Fitzpatrick.) 

Macrocalyx  nyctelea  (L.)  Kuntze.  {Ellisia  nyctelea  L.) 
Nyctelea.  Common  in  moist,  shaded  places.  Becoming  a  weed. 
Decorah  (Savage),  etc. 

Bamity  5,    Bordginaceaa, 

Lappula  lappula  (L.)  Karst.  {Echinospermum  lappula 
Lehm.)      Burseed.      Introduced.    In  waste  places.    Decorah. 

Lappula  texana  (Scheele)  Britt.  {Echinospermum  redowskii 
var.  ocddentale  Wats.)  On  dry  ridges  and  slopes.  Common. 
Decorah  (Arthur),  Highlandville. 

Lappula  virginiana  (L.)  Greene.  {Echinospermum  virgin^ 
icum  Lehm.)  Beggar's  Lice.  Along  borders,  in  open  woods, 
etc.  (Fitzpn trick.) 
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Mertensia  virginica  (L.)  DC.  Smooth  Lungwort;  Smooth 
Blue-bell.    In  alluvial  woods.     (Fitzpatrick,) 

Mertensia  paniculata  (Ait.)  G.  Don.  Tall  Lungwort.  In 
woods.    Decorah  (Goddard;  Arthur). 

Lithospermum  latifolium  Michx.  American  GromwelL  In 
dry  thickets,  etc.     (Fitzpatrick.) 

Lithospermum  gmdini  (Michx.)  A.  S.  H.  (L.  hirtum  Lehm.) 
Hairy  Puccoon.  In  dry,  usually  open  places.  Decorah  (Sav- 
age).. 

Lithospermum  canescens  (Michx.)  Lehm.  Hoary  Puccoon, 
In  dry  places.    Decorah  (Savage). 

Lithospermum  linearifolium  Goldie.  (L.  angutstifolium 
Michx.)    Narrow-leaved  Puccoon.    In  dry  soil.     (Fitzpatrick.) 

Onosmodium  molle  Michx.  (0.  carolinianum  var.  moUe 
Gray.)  Soft-hairy  False  Gromwell.  On  dry  prairie.  (Fitz- 
patrick.) 

I'amily  6,     Verbenacea. 

Verbena  urticifolia  L.  White  Vervain.  Common  introduced 
weed.     (Fitzpatrick),  etc. 

Verbena  hastata  L.  Blue  Vervain.  Common  in  moist  places. 
Calmar,  Hesper,  etc. 

Verbena  stricta  Vent.  Hoary  Vervain.  Common  on  dry 
prairie,  etc.    Ft.  Atkinson,  etc. 

Verbena  bracteosa  Michx.  Large-bracted  Vervain.  In  dry 
and  waste  places.    Calmar,  etc. 

fiamily  7.    Labiateos. 

Teucrium  canadense  L.  Wood  Sage.  In  moist  grounds. 
Decorah. 

Isanthw  brachiatTis  (L.)  B.  S.  P.  (7.  caeruleus  Michx.) 
False  Pennyroyal.  On  sandy  or  rocky  slopes,  etc.  Decorah 
(Holway). 

Scutellaria  lateriflora  L.  Mad-dog  Skull-cap.  In  low  places. 
Not  rare.    Decorah. 

Scutellaria  cordifolia  Muhl.  {S.  versicolor  Nutt.)  On  wood- 
ed banks.     (Fitzpatrick.) 

Scutellaria  parvula  Michx.  Small  Skull-cap.  On  sandy  and 
rocky  slopes.    'Hesper. 
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Agastache  nepetoides  (L.)  Kuntze.  {Lophanthus  nepetoides 
Benth.)  Catnip.  Giant-Hyssop.  Along  borders  and  in  thick- 
etSy  not  common.    Hesper. 

Agastache  scrophulariaefolia  (Willd.)  Kuntze.  {Lophanthus 
scrophulariaef alius  Benth.)  Giant  Hyssop.  In  thickets  and 
woods.    Common.    Hesper. 

Nepeta  cataria  L.  Catnip.  In  waste  places.  Introduced. 
Common.    Caknar,  Hesper. 

Glecoma  hederacea  L.  {Nepeta  glechoma  Benth.)  Ground 
Ivy.    A  common  introduced  weed.    Decorah  (Savage),  etc. 

Prunella  vulgaris  L.  (Brunella  vulgaris  L.)  Heal-all  Moist 
woods,  waste  places,  etc.  Native,  or  thoroughly  naturalized. 
Calmar,  Canoe  creek. 

Physostegia  virginiana  (L.)  Benth.  False  Dragon-head.  On 
alluvial  banks,  etc.     (Fitzpatrick.) 

Physostegia  parviflora  Nutt.  (Not  given  in  Gray.)  In  moist 
places.    Not  abundant.    Ft.  Atkinson. 

Galeopsis  tetrahit  L.  Hemp-nettle.  Not  rare.  Calmar, 
Canoe  creek. 

Leonurus  cardiaca  L.    Motherwort.      Introduced  weed,  in 
waste  places.    Decorah  (Savage),  Canoe  creek. 

Stachys  palustris  L.  Hedge  Nettle.  Wet  places.  Especially 
common  on  borders  of  prairie  ponds  or  swamps. 

Stachys  aspera  Miehx.  Rough  Hedge-nettle.  In  wet  places. 
(Fitzpatrick.) 

Monarda  scabra  Bick.  (M.  fistulosa  var.  mollis  Benth.)  Pale 
Wild  Bergamot.    Prairies  and  borders.     Common.     Calmar. 

Blephilia  hirsuta  (Pursh)  Torr.    In  woods.     (Fitzpatrick.) 

Hedeoma  hispida  Pursh.  Rough  Pennyroyal.  Dry  grounds. 
{Fitzpatrick.) 

Koellia  flaxuosa  (Walt.)  MacM.  {Pycnanthemum  linifolium 
Pursh.)  Narrow  Leaved  Mountain-mint.  In  thickets,  along 
borders,  etc.    Hesper,  Calmar. 

Koellia  virginiana  (L.)  MacM.  {Pycnanthemum  lanceolatum 
Pursh.)    Dry  borders  and  thickets.     (Fitzpatrick.) 

Lycopus  virginicus  L.  Purple  Bugle-weed.  In  wet  places. 
Not  rare.      Hesper. 
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Lycopus  americanus  Muhl.  (L.  sinuatus  Ell.)  Water  Hoar- 
hound.    In  swamps  and  bogs.    Oommon.    Calmar,  Hesper. 

Mentha  canadensis  L.  American  Wild  Mint.  Common  in  wet 
places.    Ft.  Atkinson,  Hesper. 

Family  8.     Solanacem 

Physalis  philadelphica  Lam.  Ground-cherry.  In  rich  soil. 
(Fitzpatrick.) 

Physalis  lanceolata  Michx.  Prairie  Ground-cherry.  Dry 
places.     ( Fitzpatrick. ) 

Physalis  virginiana  Mill.  Virginia  Ground-cherry.  In  open 
places,  fields,  etc.     Common.    Ft.  Atkinson. 

Family  g,    Scrophulariaccce. 

Verbascum  thapsus  L.  Mullein.  Common  introduced  weed, 
in  waste  places.    Decorah,  etc. 

Linaria  linaria  (L.)  Karst.  (L.  vulgaris  Mill.)  Butter- 
and-eggs.    Introduced,  in  waste  places.    Calmar. 

Scrophutaria  marylandica  L.  {S.  nodosa  var.  marylandica 
Gray,  in  part.)  Maryland  Figwort.  In  woods  and  thickets. 
Common.    Decorah,  etc. 

Scrophularia  leporella  Bick.  (S.  nodosa  var.  marylandica 
Gray,  in  part.)  Along  borders  and  on  prairies.  Common. 
Decorah  (Savage),  Calmar,  etc. 

Chelone  glabra  L.    Snake-head.    In  bogs  near  Hesper.  Local. 

Mimulus  ringens  L.  Monkey-flower.  Borders  of  streams, 
etc.    Common.    Decorah,  etc. 

Mimulus  jamesii  T.  &  G.    Moist  grounds.       (Fitzpatrick.) 

Gratiola  virginiana  L.  Clammy  Hedge-hyssop.  In  upland 
woods,  according  to  Fitzpatrick. 

Veronica  anagallis-aquatica  L.  (F.  anagallis.)  Water 
Speedwell.    Edges  of  streams  and  ponds.    Not  rare.  Decorah. 

Veronica  peregrina  L.  Purslane  Speedwell.  A  common  weed, 
in  fields,  etc.    Decorah  (Goddard;  Savage). 

Veronica  arvensis  L.  Corn  Speedwell.  An  introduced  weed. 
Hesper  (Arthur). 

Leptandra  virginica  (L.)  Nutt.  {Veronica  virginica  L.> 
Culver's  Root.  Moist  prairies,  thickets  and  borders.  Locally 
common.    Calmar. 

Gerardia  aspera  Dougl.  Bough  Purple  Gerardia.  Rare,  on 
dry  ridges  near  Highlandville. 

Gerardia  purpurea  L.  Large  Purple  Gerardia.  In  moist 
plf?c'  s.     Quite  common.    Ft.  Atkinson. 


SU8-CLASS  II.      D100TYLED0MS8.  203 

Gerardia  tenuifolia  Vahl.  Slender  Gerardia.  In  dry  woods. 
(Fitzpatrick.) 

Castilleja  cocdnea  (L.)  Spreng.  Painted-cup;  Indian-pink. 
In  open  thickets,  etc.     (Fitzpatrick.) 

Pedicularis  lanceolata  Michx.  Swamp  Lousewort.  Locally 
common,  in  swamps.    Decorah,  Ft.  Atkinson. 

Pedicularis  canadensis  L.  Common  Lousewort.  Dry  ridges 
and  prairies.     Common.    Hesper,  Calmar. 

Family  10,     Lentibula  iaceae, 

Utricularia  vulgaris  L.  Greater  Bladderwort.  In  ponds. 
Local.    Ft.  Atkinson. 

Family  11.     Phrymacece, 

PTiryma  leptostachya  L.  Lopseed.  Common  in  upland  woods, 
and  in  thickets.    Hesper,  Calmar. 

Order  8.    Platafirinales. 
Family  1,     Flanlagtnauag. 

Mitchella  repens  L.  Partridge-berry.  Rare,  in  deep  upland 
woods.    Hesper. 

Galium  aparine  L.  Cleavers.  Common,  chiefly  in  moist 
places.     Decorah  (Goddard;  Savage),  etc. 

Galium  boreale  L.  Northern  Bedstraw.  Common  on  rocky 
slopes.     Decorah,  Calmar. 

Galium  concinnum  T.  &  G.  Shining  Bedstraw.  Not  rare,  in 
upland  dry  woods.    Decorah. 

Galium  asprellum  Michx.  Rough  Bedstraw.  Common  in  moist 
places.     Calmar,  Canoe  creek,  Hesper. 

Family  2,     Caprifoliaceee , 

Sambucus  canadensis  L.  American  Elder.  Common  in  allu- 
vial soils.  Observed  at  Decorah,  Canoe  creek,  Bluflfton,  Ken- 
dallville  and  Hesper. 

Samhucus  pubens  Michx.  {S.  racemosa  L.)  Red-berried 
Elder.    Not  common,  on  rocky  banks.    Decorah,  Bluffton. 

Viburnum  opulus  L.  Cranberry-tree.  Not  common^  on  rocky 
slopes.    Hesper,  Decorah. 

Viburnum  pubescens  (Ait.)  Pursh.  Downy-leaved  Arrow- 
wood.    On  rocky  slopes.    Not  common.    Canoe  creek. 
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Viburnum  dentatum  L.  Arrow-wood.  On  moist  banks.  Not 
common.  The  specimens  referred  to  this  species  may  be  a 
form  of  the  preceding.    Decorah. 

Viburum  lentago  L.  Sheep-berry;  Black  Haw.  Common  in 
alluvial  soils  and  on  lower  slopes.  Decorah  (Savage),  Canoe 
creek,  Kendallville. 

Triosteum  perfoliatum  L.  Horse-Gentian.  Reported  by 
Fitzpatrick.  Possibly  an  error.  The  writer  was  able  to  find 
only  the  following  species. 

Triosteum  aurantiacum  Bicknell.  (T.  perfoliatum,  in  part.) 
Eed-f  ruited  Horse-Gentian.  Common  in  upland  woods.  Decorah, 
Bluffton,  Ft.  Atkinson. 

Linnaea  americana  Forbes.  (L.  borealis  L.)  Twin-flower.  In 
upland  woods,  not  common.    Decorah. 

Symphoricarpos  racemosus  Michx.  Snowberry.  Not  common. 
On  rocky  slopes.    Kendallville. 

Symphoricarpos  occidentalis  Hook.  Wolfberry.  Locally 
common  in  dry  places.    Ft.  Atkinson,  Hesper. 

Lonicera  dioica  L.  (L.  glauca  Hill.)  Glaucous  Honeysuckle. 
Common,  on  rocky  slopes  and  banks.  Decorah,  Bluflfton,  High- 
landville. 

Lonicera  sullivantii  A.  Gray.  Sullivant's  Honeysuckle.  On 
wooded  slopes  and  along  borders.  Not  rare.  Decorah,  north 
fork  of  Bear  creek. 

Lonicera  tatarica  L.  Tartarian  Bush  Honeysuckle.  On  rocky 
wooded  slopes.    Decorah  (Fitzpatrick). 

Family  j .     Adoxacect . 

Adoxa  moschatellina  L.  Musk-root.  Rocky  woods.  Rare. 
(Fitzpatrick.) 

Order  8     Valerianales. 
I^imily  I.     Cucurbitacece . 

Micrampelis  lobata  (Michx.)  Greene.  {Echinocystis  lobata 
T.  &  G.)  Wild  Balsam  Apple.  Chiefly  in  low  woods.  Com- 
mon.   Decorah,  Ft.  Atkinson. 

Family  2,     Companulacea , 

Campanula  rotundifolia  L.  Arctic  HarebelL  Locally  common 
on  rocks  amd  rocky  slopes.    Decorah. 
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Campanula  aparinoides  Pursh.  Marsh  Bellflower.  In  grassy 
swamps.    Not  common.    Hesper. 

Campanula  americana  L.  Tall  Bellflower.  On  moist  wooded 
banks  and  slopes.     Common.    Hesper,  Canoe  creek,  etc. 

Specularia  perfoliata  (L.)  A.  DC.  Venus'  Looking  Glass. 
On  dry  slopes,  etc.     (Fitzpa trick.) 

Lobelia  spicata  Lam.  Pale  Spiked  Lobelia.  In  dry  open 
places.     ( Fitzpa  trick. ) 

Lobelia  leptostachys  A.  DC.  Spiked  Lobelia.  In  dry  prairie. 
Not  common.      Calmar. 

Lobelia  inflata  L.  Indian  Tobacco.  Common  in  dry  and 
waste  places.     Decorah  (Goddard),  Highlandville,  Ft.  Atkinson. 

family  3 .     Cichoriacea, 

Cichorium  intyhus  L.  Chicory.  A  roadside  weed,  locally 
common.     Decorah. 

Adopogon  virginicum  (L.)  Kuntze.  {Krigia  amplexicaulis 
Nutt.)     Cynthia.     Common  in  upland  woods.  Hesper,  Decorah. 

Taraxacum  taraxacum  (L.)  Karst.  (T.  officinale  Web.) 
Dandelion.    A  common  introduced  weed.     Calmar,  etc. 

Sonchus  asper  (L.)  All.  Spiny  Sow-thistle.  A  common  in- 
troduced weed.    Decorah,  Hesper,  etc. 

Lactuca  scariola  L.  Prickly  Lettuce.  An  introduced  weed, 
spreading  rapidly.    Calmar,  Hesper. 

Lactuca  canadensis  L.  Wild  Lettuce.  On  moist  prairies,  etc. 
Common.     Calmar. 

Hieracium  canadense  Michx.  Canada  Hawkweed.  Common 
in  dry  woods,  etc.    Bluffton,  Canoe  creek. 

Heiracium  scab  rum  Michx.  Rough  Hawkweed.  On  rather 
open  wooded  slopes.    Hesper,  Ft.  Atkinson. 

Nabalus  albus  (L.)  Hook.  {Prenanthes  alba  L.)  Rattle- 
snake-root.   Common  in  rocky  woods.    Decorah,  Hesper. 

Nabalus  racemosus  (Michx.)  DC.  (Prenanthes  racemosa 
Michx.)  Glaucous  White  Lettuce.  On  moist  prairies.  Ft.  Atkin- 
son, Orleans  Twp. 

Family  4,    Amb  rosiaceae , 

Iva  xanthiifolia  (Fresen.)  Nutt.  Burweed;  Marsh  Elder.  In 
moist  prairie  soils,  becoming  a  common  weed.  Decorah,  Ft. 
Atkinson. 
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Ambrosia  trifida  L.  Great  Bagweed.  A  common  weed  in 
low  places,  along  roadsides,  etc.  Decorah,  Hesper,  Calmar,  Ft 
Atkinson. 

Ambrosia  trifida  integrifolia  (Muhl.)  T.  &  G.  Entire-leaved 
Ragweed.    This  variety  is  found  in  dry  places.    Decorah. 

Ambrosia  artemisiae folia  L.  Ragweed.  A  common  weed, 
along  roads,  in  fields,  etc.    Hesper,  Calmar  etc. 

Xanthium  echinatum  Murr.  {X,  canadense  Mill.,  in  part.) 
Cocklebur.    In  sandy  soil.    A  common  weed.    Decorah. 

Family  J.     Composite. 

Veronia  fasciculata  Michx.  Western  Iron-weed.  A  com- 
mon weed  in  alluvial  pastures,  etc.     Ft.  Atkinson,  etc. 

Eupatorium  maculatum  L.  {E.  purpureum  L.,  in  part.) 
Spotted  Joe-pye  Weed.  In  moist  places,  rather  common  locally. 
Ft.  Atkinson. 

Eupatorium  rydbergii  Britt.  {E.  purpureum  L.,  in  part.) 
Rydberg's  Joe-pye  Weed.     In  moist  soils.     Not  rare  at  Hesper. 

Eupatorium  altissimum  L.  Tall  Boneset.  In  bogs,  etc.  Quite 
common.    Ft.  Atkinson. 

Eupatorium  ageratoides  L.  f .  White  Sanicle.  In  rich  woods, 
common.    Decorah,  Highlandville. 

Kuhnia  glutinosa  Ell.  {K.  eupatorioides  var.  corymbulosa 
T.  &  G.)  Prairie  False  Boneset.  In  dry  open  places.  Ft. 
Atkinson. 

Lacinaria  cylindracea  (Michx.)  Kuntze.  {Liatris  cylindracea 
Michx.  and  Liatris  graminifolia  Willd.)  Cylindric  Blazing 
Star.  Rare,  on  dry  prairies  and  ridges.  Hesper,  Highland- 
ville. 

Lacinaria  pycnostachya  (Michx.)  Kuntze.  {Liatris  pycnos- 
tachya  Michx.)  Prairie  Blazing  Star.  Common  on  moist  pra- 
iries and  in  meadows.     Ft.  Atkinson. 

Lacinaria  scariosa  (L.)  Hill.  {Liatris  scariosa  Willd.)  Large 
Blazing  Star.  Common  on  drier  prairies.  Hesper,  Ft.  Atkin- 
son, Calmar. 

Solidago  flexicavlis  L.  (.S'.  lati  folia  L.)  Zigzag  Golden  rod. 
Common  in  rich  woods.  Decorah,  Canoe  creek,  north  fork  of 
Bear  creek,  Hesper. 
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Solidago  hispida  Muhl.  {8.  bicolor  var.  concolor  T.  &  G.) 
Hairy  Goldenrod.    In  dry  places.    Ilesper. 

Solidago  uliginosa  Nutt.  Bog  Goldenrod.  In  bogs,  not  com- 
mon.    Kendallville. 

Solidago  speciosa  Nutt.  Showy  Goldenrod.  Common  in 
nphind  woods,  etc.    Bluffton. 

Solidago  rigidiuscula  (T.  &  G.)  Porter.  {S,  speciosca  var. 
angy.sttita  T.  &  G.)     In  dry  open  places.  Not  common.  Decorah. 

Solidago  ulmifolia  Muhl.  Elm-leaved  Goldenrod.  Common 
in  deep  woods  and  thickets.    Hesper,  Decorah,  Ft.  Atkinson. 

Solidago  serotina  Aii  Late  Goldenrod.  In  moist  grounds, 
common.     Canoe  creek,  etc. 

Solidago  serotina  gigantea  (Ait.)  A.  Gray.  Giant  Goldenrod. 
In  moist  grounds.      Not  rare.    Hesper,  Decorah. 

Solidago  missouriensis  Nutt.  Missouri  Goldenrod.  Common 
on  dry  prairies.    Hesper,  Calmar,  Ft.  Atkinson. 

Solidago  canadensis  L.  Canada  Goldenrod.  In  rather  dry 
places,  not  rare.    Canoe  creek. 

Solidago  nemoralis  Ait.  Field  Goldenrod.  Commcn  in  dry 
places.    Hesper,  Decorah,  Ft.  Atkinson. 

Solidago  rigida  L.  Stiff  Goldenrod.  Common  on  dry  prairies 
and  ridges.  Hesper,  Moneek,  Canoe  creek,  Decorah,  Ft.  Atkin- 
son. 

Erithamia  graminifolia  (L.)  Nutt.  (Solidago  lanceolata  L.) 
Bushy  Goldenrod.  In  moist  open  places.  Not  rare.  Moneek, 
Ft.  Atkinson. 

Evthamia  caroliniana  (L.)  Greene.  {Solidago  tennuifolia 
Pursh.)  Slender  Fragrant  Goldenrod.  On  dry  prairies,  etc. 
Hesper. 

Aster  azureus  Lindl.  Sky-blue  Aster.  On  prairies,  etc. 
(Fitzpatrick.) 

Aster  shortti  Plook.  Short's  Aster.  Borders  of  woods,  etc. 
Not  common.    Decorah. 

Aster  drummondii  Lindl.  Drummond's  Aster.  In  dry  woods 
and  thickets.     Common.    Decorah,  Hesper. 

Aster  sagittifolius  Willd.  Arrow-leaved  Aster.  In  dry  woods, 
etc.    Not  common.    Ft.  Atkinson. 
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Aster  novae-angliae  L.  New  England  Aster.  Common  on 
prairies,  etc.  Ft.  Atkinson,  Canoe  creek.  The  form  with  rose- 
red  flowers  was  also  found  at  Canoe  creek. 

Aster  puniceus  L.  Purple-stem  Aster.'  Common  in  bogs. 
Decorah  (Goddard),  Hesper,  Bluff  ton.  Some  of  the  Hesper 
specimens  approach  var.  lucidulus  A.  Gray.  The  Blufftou  spec- 
imens are  almost  smooth. 

Aster  prenanthoides  Muhl.  Crooked-stem  Aster.  Common 
along  moist  borders,  etc.    Decorah,  Canoe  creek. 

Aster  laevis  L.  Smooth  Aster.  Common  on  dry  prairies,  etc. 
Calmar,  Decorah,  Hesper. 

Aster  sericeus  Vent.  Silky  Aster.  On  dry  banks  and  slopes. 
Local.    Sattre,  Highlandville. 

Aster  ptarmicoides  (Nees)  T.  &  G.  Upland  White  Aster. 
Bare,  on  rocky  ridges.     Highlandville. 

Aster  salidfolius  Lam.  AVillow  Aster.  In  moist  open  places. 
Common.    Decorah  (Goddard),  Moneek,  Ft.  Atkinson. 

Aster  paniculatvs  Lam.  Panicled  Aster.  In  moist  placet. 
Canoe  creek.    Not  rare. 

Aster  tradescanti  L.  Michaelmas  Daisy.  In  moist  and  open 
places.    Not  rare.     Hesper. 

Aster  lateriflorus  (L.)  Britt.  {A.  diffusus  Ait.)  Starved 
Aster.    In  open  places,  along  borders,  etc.     Decorah. 

Aster  exiguus  (Femald)  Ryd.  {A,  multiflorus  Ait.,  in  part.) 
Ciliate-leaved  Aster.     Common  on  dry  prairies,  etc.    Decorah. 

Erigeron  pulchellus  Michx.  {E.  bellidifolius  Muhl.)  Robin's 
Plantain.    On  dry  slopes  etc.     (Fitzpatrick.) 

Erigeron  philadelphicus  L.  Philadelphia  Fleabane.  Com- 
mon in  woods  and  along  borders.     Ft  Atkinson. 

Erigeron  annuus  (L.)  Pers.  Daisy  Fleabane.  In  fields  and 
open  places.  Conmion.  Decorah,  Hesper,  Calmar,  Ft.  Atkin- 
son. 

Erigeron  ramosus  (Walt.)  B.  S.  P.  {E.  strigosus  Muhl.) 
Daisy  Fleabane.  Very  common  in  meadows  and  fields.  A 
troublesome  weed.     (Fitzpatrick),  etc. 

Leptilon  canadense.  (L.)  Britt.  (Erigeron  canadensis  L.) 
Horse-weed.  A  very  common  weed  in  waste  places  and  fields. 
Hesper,  Calmar,  Ft.  Atkinson,  etc. 
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Doellingeria  vmbellata  (Mill.)  Ness.  (Aster  iimbeUatus  Mill.) 
Tall  Flat-top  White  Aster.  In  moist  prairie.  Local.  Orleans  Twp. 

Doellingeria  humilis  (Willd.)  Britt.  (Aster  umbellatus  var. 
latifolius  Gray.)  Broad-leaved  Plat-top  White  Aster.  In 
moist  places,  Hesper. 

Anten^v^aria  plantaginifolia  (L.)  Bich.  Plantain-leaf  Ever- 
lasting.   Common  on  dry  ridges,  etc.    Decorah  (Savage),  etc. 

Gnaphalium  ohtusifoliv/m  L.  (G.  polycephalum  Michx.)  White 
Balsam.  In  dry  open  places.  Common.  Hesper,  Sattre,  north 
fork  of  Bear  creek. 

Inula  helenium  L.  Elecampane.  Introduced.  Not  common, 
along  roadsides.    Canoe  creek. 

Polymnia  uvedalia  L.  Yellow  Leaf-cup.  In  rich  soil.  Not 
common.     Calmar. 

Polymnia  canadensis  L.  Small-flowered  Leaf -cup.  Common 
on  shaded  rocky  slopes  at  Decorah, 

Silphium  perfoliatum  L.  Cup-plant.  Common  in  wet  places. 
Ft.  Atkinson. 

Silphium  laciniatum  L.  Compass-plant.  Still  common  on 
prairies.    Hesper,  Calmar. 

Parthenium  integrifolium  L.  American  Fever-few.  In  dry 
places.    Not  rare.     Calmar. 

Heliopsis  scabra  Dunal.  Rough  Ox-eye.  Common  on  dry 
prairies,  etc.    Decorah,  Calmar. 

Rudbeckia  triloba  L.  Thin-leaved  Cone-flower.  In  thickets, 
etc.     (Fitzpatrick.) 

Rudbeckia  hirta  L.  Black-eyed  Susan.  Common  in  rather 
dry  open  grounds.    Calmar. 

Rudbeckia  laciniata  L.  Tall  Cone-flower.  Common  on  moist 
pastures,  etc.    Calmar. 

Ratibida  pinnata  (Vent)  Bemh.  (Lepachys  pinnata  T.  &  G.) 
Gray-headed  Cone-flower.  Common  on  dry  prairies.  Calmar, 
etc. 

Helianthus  annuus  L.  Common  Sunflower.  Introduced,  in 
waste  places.    Ft.  Atkinson,  etc. 
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Helianthus  scaberrimus  Ell.  {B.  rigidus  Desf.)  Stiff  Sun- 
flower. On  dry  prairies  and  ridges.  Common.  Calmar,  Ft. 
Atkinson,  etc. 

Helianthus  occidentalis  Ryd.  Few-leaved  Sunflower.  In  dry 
open  places.  Common.  Decorah  (Goddard),  Calmar,  Ft.  At- 
kinson. 

Helianthus  grosse-serratus  Martens.  Saw-tooth  Sunflower. 
In  moist  open  places.    Common.    Bluffton,  Calmar. 

Helianthus  decapetalus  L.  Wild  Sunflower.  In  moist  shaded 
places.    Not  common.    Decorah. 

Helianthus  strumosus  macrophyllus  (Willd.)  Britt.  (J?. 
strumosus  var.  mollis  T.  &  G.)  Wood  Sunflower.  Common  in 
open  woods,  etc.     Decorah,  Hesper,  Ft.  Atkinson. 

Coreopsis  palmata  Nutt.  Stiff  Tickseed.  On  dry  prairies 
and  ridges.     Common.     Calmar,  etc. 

Bidens  cernua  L.  Nodding  Bur-marigold.  Common  in  wet 
places.    Ft.  Atkinson,  etc. 

Bidens  connata  Muhl.  Swamp  Beggar-ticks.  Reported  by 
Fitzpatrick. 

Bidens  frondosa  L.  Spanish  Needles.  In  moist  soil,  waste 
places,  etc.    Common.    Decorah,  Calmar. 

Helenium  aulumnale  L.  Sneeze-weed.  In  moist  places.  A 
common  weed  in  low  pastures.     Decorah,  Hesper,  Ft.  Atkinson. 

Achillea  millefolium  L.  Yarrow.  In  dry  open  places.  A 
common  weed.     Calmar,  etc. 

Anthemis  cotula  L.  Mayweed ;  Dog-fennel.  A  common  intro- 
duced weed.     Decorah,  Calmar,  etc. 

Chrysanthemum  leucanthemum  L.  Ox-eye  Daisy.  An  intro- 
duced weed,  not  yet  abundant.     Calmar. 

Tanacetum  vulgare  L.  Tansy.  Escaped  from  gardens.  Hes- 
per, Highlandville. 

Artemisia  caudata  Michx.  Tall  Wormwood.  In  dry  open 
places.     Quite  common.    Decorah,  Ft.  Atkinson. 

Artemisia  dracunculoides  Pursh.  Linear-leaved  Wormwood. 
On  dry  ridges.    Not  common.     Highlandville. 

Artemisia  biennis  Willd.  Biennial  Wormwood.  Moist  banks. 
(Fitzpatrick.) 

Artemisia  serrata  Nutt.  Saw-leaf  Mugwort.  On  prairies. 
Quite  common.    Calmar,  Hesper. 
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Artemisia  gnaphalodes  Nutt.  {A.  ludoviciana  Nutt.,  in  part.) 
In  dry  soils.     (Fitzpatrick.) 

Erechtites  hieracifolia  (L,)  Eaf.  Fire-weed.  Common  in 
waste  places  and  clearings.    Hesper,  north  fork  of  Bear  creek. 

Mesadenia  reniformis  (Muhl.)  Eaf.  {Cacalia  reniformis 
Muhl.)  Great  Indian  Plantain.  Quite  common,  in  woods.  De- 
corah,  Bluffton,  Canoe  creek. 

Mesadenia  tuberosa  (Nutt.)  Britt.  (Cacalia  tuberosa  Nutt.) 
Tuberous  Indian  Plantain.  In  moist  places.  Not  common. 
Ft.  Atkinson. 

Mesadenia  atriplicifolia  (L.)  Raf.  (Cacalia  atriplicifolia  L.) 
Pale  Indian  Plantain.    In  rich  soil.     Bare.     Calmar. 

Synosma  suaveolens  (L.)  Raf.  (Cacalia  suaveolens  L.)  In 
rich  woods.    Rare.     Ft.  Atkinson. 

Senecio  aureus  L.  Swamp  Squaw-weed.  In  bogs.  Not  rare. 
Hesper. 

Senecio  balsamitae  Muhl.  (S.  aureus  var,  balsamitae  T.  &  G.) 
Balsam  Groundsel.    In  dry  places.    Bluffton,  etc. 

Arctium  lappa  L.  Great  Burdock.  Introduced  weed.  Cal- 
mar. 

Arctium  minus  Schk.  (A.  lappa  var.  minus  Gray.)  Common 
Burdock.     Common  introduced  weed.    Decorah,  etc. 

Carduus  lanceolatus  L.  (Cnicus  lanceolatus  Hoffm.)  Common 
Field  Thistle.    Introduced  weed.     Common.     Ft.  Atkinson,  etc. 

Carduus  altissimus  L.  (Cnicus  alti^simus  Willd.)  Tall  This- 
tle.    Common  in  thickets,  etc.     Canoe  creek,  Kendallville. 

Carduus  discolor  (Muhl.)  Nutt.  (Cnicus  altissimus  var.  dis- 
color Gray.)  Field  Thistle.  Conmion  along  borders,  etc.  De- 
corah, Ft.  Atkinson. 

Carduus  iowensis  Pammel.  (Cnicus  altissimus  Willd.,  in 
part.)  Iowa  Thistle.  Along  borders  and  in  thickets.  Not  com- 
mon.   Hesper. 

Carduus  hilli  (Canby)  Porter.  (Not  given  in  Gray.)  HilPs 
Thistle.     On  rich  prairies.     Not  common.     Calmar. 

Carduus  muticus  (Michx.)  Pers.  (Cnicus  muticus  Pursh.) 
Swamp  Thistle.     Common  in  bogs  near  Hesper. 

Carduus  arvensis  (L.)  Robs.  (Cnicus  arvensis  Hoffm.)  An 
introduced  weed.    Fortunately  not  common.    Ft.  Atkinson. 
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INTBODUOTION. 


LOCATION    AND    AREA. 

Clayton  county  is  in  many  respects  one  of  the  most  interesting 
counties  in  the  state.  Situated  as  it  is  largely  within  the  drift- 
less  area,  its  surface  is  deeply  trenched  by  the  streams  and  its 
scenery  is  diversified  and  picturesque.  There  are  few  more  attract- 
ive scenes  along  the  Mississippi. than  those  to  be  observed  from 
the  bluffs  bordering  the  great  river  along  the  eastern  boundary 
of  this  county. 

The  many  deep  valleys  afford  numerous  outcrops  and  excel- 
lent opportunities  for  the  study  of  the  various  formations. 
Three  geological  systems  are  represented  by  the  indurated  rocks/ 
the  Cambrian,  Ordovician  and  Silurian,  while  the  deposits  left 
by  the  Pleistocene  ice  sheets  belong  to  three  widely  separated 
periods  of  time  and  are  very  different  in  character.  The  soils  of 
the  area  yield  bountiful  crops,  while  clays  and  building  stones 
of  excellent  quality  are  abundant. 

Situated  in  the  northeastern  comer  of  the  state  Clayton 
county  is  separated  from  the  Minnesota  line  by  Allamakee,  is 
bordered  on  the  west  by  Fayette  and  on  the  south  by  Delaware 
and  Dubuque  counties,  while  the  Mississippi  river  forms  the 
eastern  boundary.  It  has  an  area  of  approximately  780  square 
miles  which  is  divided  into  twenty-two  civil  townships. 

The  earliest  settlement  in  Iowa,  next  to  that  of  Julien 
Dubuque,  was  made  near  the  point  where  North  McGregor  is 
now  located.  In  1795  Basil  Giard  obtained  from  the  Lieutenant 
Governor  of  Louisiana  a  grant  to  a  tract  of  land  in  the  northern 
part  of  Clayton  county,  known  as  the  *' Giard  Tract"  or  ** Span- 
ish Claim."  This  is  still  represented  on  many  of  the  maps  of 
the  county.  It  contained  5860  acres  and  was  occupied  several 
years.  When  Louisiana  was  acquired  by  the  United  States  a 
patent  was  issued  to  Giard  by  the  Government,  which  was  the 
first  legal  title  obtained  by  a  white  man  to  land  within  the  limits 
of  Iowa.* 


*B   p.  Que.  Hist  of  Iowa,  Vol.  I,  p  116.  New  York  Oity,  190S. 
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PREVIOUS  GEOLOGICAL  WORK. 

The  earliest  geological  investigations  in  the  region  of  which 
Clayton  county  forms  a  part  were  carried  on  tinder  the  direction 
of  David  Dale  Owen.  With  a  large  number  of  assistants  he  made 
an  examination  of  the  mineral  lands  of  Iowa,  Illinois  and  Wis- 
consin in  1839,  the  survey  extending  as  far  north  as  the  month 
of  the  Wisconsin  river.  The  field  work  therefore  covered  the 
greater  part  of  what  is  now  Clayton  county  and  represents  the 
earliest  study  of  the  rocks  of  the  area.  The  report*  embracing 
the  results  of  the  autumn's  work  was  published  in  preliminary 
form  without  maps  and  illustrations  in  1840  and  later,  in  1844, 
a  revised  edition  appeared.  In  this  report  there  appear 
detailed  observations  on  the  various  townships,  with  brief 
descriptions  of  the  timber,  nature  of  the  soils  and  kinds  of  rocks 
and  minerals.  Ten  years  later  the  region  was  again  visited  by 
Owen  and  his  assistants  and  in  his  report  of  1852  he  describes 
briefly  some  of  the  geological  formations  occurring  in  the  area 
under  discussion,  but  there  is  no  reference  to  localities  in  Clay- 
ton county.f 

In  1855  James  Hall,  then  State  Geologist  of  Jowa,  made  a 
geological  reconnoissance  along  the  Mississippi  river,  for  tne 
purpose  of  studying  the  formations  so  well  exposed  near  that 
stream.  His  report,:]:  published  three  years  later,  contains  refer- 
ences to  various  localities  in  the  county  and  to  the  character  of 
the  rocks.  Sections  are  given  of  the  Trenton  beds  at  Pikes  Peak, 
opposite  the  mouth  of  the  Wisconsin  river,  at  the  town  of  Clay- 
ton and  at  Guttenberg,  as  well  as  of  the  Galena  strata  at  Elkader. 
Mention  is  also  made  of  the  Potsdam  (Saint  Croix),  Calciferous 
limestone  (Lower  Magnesian)  and  Saint  Peter  sandstone  occur- 
ring in  the  bluffs  along  the  river. 

J.  D.  Whitney§  has  a  brief  account  of  some  of  the  geological 
formations  of  Clayton  county  in  the  same  volume,  and  in  his 
discussion  of  the  economic  geology  of  the  state  refers  to  the 
occurrence  of  lead  in  the  vicinity  of  Buena  Vista  and  Gutten- 
berg. 

*Hou8e  Rep    Exc.  Doc,  26th  Oon?  .  Ist.   Sess.,  No.  239, 161  pp.  Washington,  1840 
tRept   of  a  Qeol.  Surv.  of  ^is.,  Iowa  and  Minn.,  pp.  48-76.  Philadelphia,   1852. 
tjames  Half:    Report  on  the  G^eol.  Surr.  of  Iowa,  Vol.   I,  Pt  1,  pp.  47-66,  1868. 
VbM,  pp.  297-802  and  pp.  468,  469 
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In  the  report  of  C.  A.  White  on  the  Geology  of  Iowa  there  are 
a  few  scattered  references  to  Clayton  county  in  the  chapters  on 
general  geology.* 

Clayton  county  lies  for  the  most  part  within  the  driftless  area 
which  has  been  described  by  Chamberlin  and  Salisbury.f  It 
also  forms  part  of  the  region  discussed  by  W.  J.  McGee  in  his 
Pleistocene  History  of  Northeastern  Iowa.:}:  The  latter  paper 
mentions  certain  topographic  features  of  the  area  and  gives 
several  sections  of  the  older  drift. 

The  present  writer  visited  in  1894  the  different  localities  in 
the  southern  part  of  the  county  where  lead  has  been  mined  and 
describes  these  briefly  in  his  report  on  the  lead  and  zinc  deposits 
of  the  state.§ 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  greater  portion  of  Clayton  county  is  included  within  the 
limits  of  the  driftless  area,  and  its  surface  has  not  been  affected 
by  the  ice  sheets  which  modified  so  profoundly  the  topography 
of  the  entire  state  with  the  exception  of  this  northeastern  cor- 
ner. Elsewhere  the  ice  tended  to  level  up  the  rough  preglacial 
surface  by  wearing  down  the  ridges  and  divides  and  filling  the 
valleys  with  drift.  But  as  it  moved  down  from  the  north  the  ice 
sheet  failed  to  override  this  area  in  northeastern  Iowa  and  con- 
tiguous parts  of  Wisconsin  and  Illinois,  and  the  surface  was  left 
as  it  had  been  sculptured  by  weathering  and  erosion. 

Two  very  different  kinds  of  topography  are  exhibited  in  the 
county.  In  the  driftless  area  the  surface  features  are  the  result 
of  erosion  acting  on  nearly  horizontal  strata  of  varying  degrees 
of  hardness.  On  the  other  hand  the  lowan  drift  area  in  the 
southwestern  corner  has  undergone  very  little  erosion  and  the 
topography  is  constructional  instead  of  erosional.  The  flat  or 
gently  rolling,  bowlder  strewn  drift  plain  presents  a  sharp  con- 
trast to  the  deeply  dissected  driftless  area  with  its  steep-sided 
valleys  and  high  intervening  ridges. 

*ReDt.  on  the  Geol.  Surv.  of  Iowa,  by  O.  A   White,  Vol  I.  p.  167.  1870 
tgixth  Ann.  Sept.,  U/S.  Geol.  SorTi/pp  190-822. 
lEleyenth  Ann.  Rept.,  U   8  G.  8.,  Pt.  1,  pp.  189-677. 
.    UowaGeol.  Surv.,  Vol  VI,  pp  51-S8. 
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THE  DBIFTLE8B  AREA. 

In  this  discussion  the  area  covered  by  the  Eansan  drift  is 
included  with  the  driftless  portion  since  that  drift  is  in  this 
region  too  thin  to  affect  materially  the  surface  features.  From 
a  study  of  the  latter  alone  it  would  be  difficult  to  discriminate 
between  the  driftless  and  the  Kansan  areas  and  hence  they  are 
naturally  considered  together. 

The  most  prominent  topographic  feature  of  the  region  is  the 
broad,  bluff-lined  valley  of  the  Mississippi,  while  of  only  less 
importance  are  the  deep  trenches  cut  by  the  Turkey  and  Volga 
rivers.  These  valleys  and  their  chief  tributaries  are  sunk  from 
500  to  600  feet  below  the  general  level  of  the  upland,  the  latter 
having  an  elevation  of  from  1100  to  1200,  or  1250  feet  above  the 
sea.  The  difference  in  elevation  between  the  bottom  of  the 
Mississippi  valley  just  below  Buena  Vista,  and  the  upland  eight 
miles  west,  between  Bluebell  creek  and  Little  Turkey  river,  is 
nearly  650  feet,  or  more  than  one-half  as  much  as  the  relief  of 
the  entire  state. 

Another  conspicuous  feature  in  the  topography  of  the  county 
is  the  high  ridge  between  the  Turkey  and  Volga  rivers.  The 
road  from  West  Union  to  Elkader  follows  this  ridge,  which 
extends  southeast  from  Highland,  near  the  Fayette  county  line, 
to  within  two  miles  of  Communia.  The  road  leading  from 
Osborn  on  the  Volga  river,  to  Elkader  on  the  Turkey,  climbs 
450  feet  in  crossing  this  divide  between  the  two  streams.  From 
its  summit  one  has  a  wide  outlook  for  many  miles  in  all  direc- 
tions, the  view  extending  to  the  hills  on  the  farther  side  of  the 
broad  depressions  made  by  the  above  rivers. 

North  and  east  of  the  Turkey  river,  between  that  stream  and 
the  Mississippi,  the  surface  is  mostly  upland.  In  the  vicinity  of 
the  rivers  this  has  been  deeply  eroded,  and  narrow  gorge-like 
valleys  have  been  carved  in  it.  But  away  from  the  larger  streams 
the  upland  is  gently  rolling.  It  may  be  seen  from  the  railroad 
between  Postville  and  Monona,  and  upon  it  are  located  the  towns 
of  National  and  Garnavillo.  The  surface  is  made  up  of  a  series 
of  gentle  curves  convex  toward  the  sky  and  with  a  gradual  slope 
toward  the  drainage  lines.  The  convex  curves  are  the  units  of 
which  the  general  surface  is  composed.     There  is  scarcely  an 
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acre  of  perfectly  flat  land,  but  the  gentle  slopes  lead  down  to  the 
drainage  channels  which  ramify  to  all  parts  of  the  surface.  The 
streams  divide,  subdivide  and  divide  again  until  they  have  modi- 
fied by  their  erosion  the  entire  area. 

At  several  points  flat-topped  hills  rise  above  the  general  level 
of  the  upland.  These  are  outliers  of  Niagara  limestone  which  have 
been  left  by  the  erosion  of  the  surrounding  strata.  One  of  the 
most  prominent  of  these  hills  of  circumdenudation  is  one  mile 
southwest  of  Gunder,  in  Marion  township.  It  rises  fifty  to  sixty- 
five  feet  above  the  adjacent  region.  Another  is  located  four 
miles  south  of  Postville  on  the  western  edge  of  Grand  Meadow 
township  and  extends  into  Fayette  county. 

South  of  the  Volga  and  Turkey  rivers  the  country  is  very 
rough  and  much  cut  up  by  the  many  streams  joining  these  rivers 
from  that  direction.  The  Niagara  escarpment,  produced  by  the 
outcropping  edges  of  the  beds  of  this  formation,  here  forms  a 
conspicuous  topographic  feature.  It  has  been  deeply  incised  by 
the  numerous  streams  which  have  cut  their  valleys  far  back  into 
the  Niagara,  making  its  line  of  outcrop  a  very  sinuous  one  wind- 
ing back  and  forth  along  the  sides  of  the  valleys  and  extending 
out  in  the  ridges  and  divides  between  these.  At  the  escarpment 
the  surface  rises  abruptly  from  100  to  200  feet.  The  precipitous 
slope  is  commonly  wooded  and  covered  by  huge  masses  and 
blocks  of  limestone  broken  off  from  above.  The  roads  often  fol- 
low along  near  the  base,  and  where  they  climb  to  the  top  they  are 
steep  and  rocky. 

The  valley  of  the  Mississippi  has  been  mentioned  as  forming 
the  most  prominent  topographic  feature  of  the  region.  It  has  a 
width  from  bluff  to  bluff  of  from  one  and  a  quarter  to  three  miles 
and  the  river  flows  now  on  one  side,  now  on  the  other. 

The  preglacial  valley  was  considerably  deeper  than  the  pres- 
ent one  as  shown  by  the  record  of  the  deep  well  at  Prairie  du 
Chien.  In  drilling  this  well  147  feet  of  sand  and  gravel  were 
penetrated  before  striking  the  bed  rock,  showing  that  the  river 
during  glacial  times  filled  its  old  valley  to  this  depth  with  sedi- 
ment. 

The  town  of  Guttenberg  is  situated  on  the  flood  plain  and  ex- 
tends for  more  than  two  miles  between  river  and  bluff.    One  of 
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the  common  features  of  .flood  plains,  is  well  exhibited  here^ 
namely,  the  outward  slope  away  from  the  river.  During  times 
of  flood  the  deposition  of  sediment  goes  on  most  rapidly  next  the 
channel  where  the  current  is  first  checked,  and  therefore  that 
portion  of  the  plain  is  built  up  more  than  the  remainder.  The 
town  is  located  largely  on  the  higher  part  of  the  plain  next  the 
river  and  between  it  and  the  side  of  the  valley  the  land  is  four  or 
five  feet  lower.  When  there  is  high  water  this  dfepression  is 
overflowed  to  a  depth  of  several  feet.  Where  the  Wisconsin 
river  enters  the  valley  of  the  Mississippi  it  has  formed  an  exten- 
sive deposit  of  sand  and  has  forced  the  main  channel  over 
against  the  Iowa  shore.  When  the  water  is  low  large  sand  bars 
appear,  at  this  point. 

The  bluffs  rise  abruptly  from  the  flood  plain  to  a  height  of 
from  300  to  400  feet  and  then  the  surface  has  a  gradual  ascent 
to  600  feet  and  more  above  the  river.  On  the  Iowa  side  these 
slopes  are  for  the  most  part  heavily  wooded,  but  on  the  Wis- 
consin side  they  are  largely  bare  of  timber,  and  the  ledges  of  the 
indurated  rocks  are  exposed.  For  some  distance  above  and 
below  McGregor  the  Oneota  limestone  is  seen  forming  perpen- 
dicular cliffs,  at  the  base  of  which  the  Saint  Croix  sandstone 
appears.  In  the  vicinity  of  Clayton  the  Saint  Peter  sandstone 
outcrops  toward  the  base  of  the  slope  and  above  it  are  cliffs  of 
Galena-Trenton,  or  Galena-Platteville,  limestone.  This  lime- 
stone composes  the  entire  height  of  the  bluffs  at  Guttenberg  and 
also  forms  cliffs  at  many  points  between  here  and  Buena  Vista. 

These  rocky  cliffs,  fifty  to  one  hundred  feet  high,  with  their 
talus  slopes  at  the  base,  form  a  striking  feature  of  the  valley. 
Except  where  the  strata  outcrop  to  form  perpendicular  walls, 
the  sides  are  covered  with  a  heavy  growth  of  timber,  shrubs, 
ferns  and  other  plants.  One  of  tho  highest  points  along  the 
river  is  Pikes  Peak,  two  miles  south  of  McGregor,  opposite  the 
mouth  of  the  Wisconsin.  It  rises  450  feet  above  the  water  and 
standing  on  its  grassy  summit  one  looks  out  upon  a  marvelous 
picture.  The  broad  valley  of  the  Mississippi  lies  spread  out 
beneath  bordered  by  its  picturesque  bluffs.  On  the  more  distant 
Wisconsin  shore  the  smooth  slopes  are  verdure  clad,  except 
where  cliffs  stand  out  like  giant  walls  of  masonry  against  the 
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green  background.  Those  nearer  by  are  heavily  wooded  and 
only  occasionally  do  the  towers,  pinnacles  and  crags  of  gray 
rock  appear  amidst  the  trees.  The  luxuriant  vegetation  of  the 
river  is  a  vivid  green,  with  darker  stripes  of  the  same  color 
formed  by  the  fringes  of  timber  along  the  edges  of  the  water 
channels.  Threads  of  blue  intersect  the  level  plain  in  a  net- 
work of  water  courses  which  in  places  widen  out  into  broad  lakes 
and  lagoons.  Variety  is  added  to  the  scene  by  an  occasional 
river  steamer  pushing  before  it  a  huge  lumber  raft,  or  a  scow 
heavily  loaded  with  clam  shells  for  the  button  factories  farther 
down  the  river.  The  boats  of  the  clammers  dotting  the  surface 
of  the  stream  appear  as  specks  in  the  distance.  Just  opposite, 
the  Wisconsin  empties  its  waters  into  the  Mississippi  and  brings 
down  the  sediment  forming  the  sand  bars  which  extend  far  out 
into  the  river.  One  can  look  for  miles  up  the  wooded  valley  of 
the  minor  stream  bordered  on  the  south  by  high,  steep  bluflfs 
and  on  the  north  by  low  hills.  Above  the  confluence  and  on  the 
opposite  side  of  the  valley  stretches  the  broad  flat  plain  upon 
which  is  located  the  historic  old  town  of  Prairie  du  Chien.  To 
the  south  of  the  town  the  land  is  divided  into  rectangular,  culti- 
vated fields,  each  a  different  shade  of  color  and  giving  the  plain 
the  appearance  of  a  huge  checker  board. 

In  striking  contrast  to  the  widely  extended  view  obtained 
from  Pikes  Peak  is  the  wooded  glen  known  as  ^* Pictured  Rocks" 
which  is  reached  by  a  winding  and  precipitous  path  following 
along  the  north  slope.  Clambering  down  through  a  tangle  of 
ferns  and  wild  flowers  one  reaches  the  bed  of  a  small  stream  just 
below  where  it  tumbles  twenty  feet  over  a  lichen-covered  ledge. 
The  sleep  walls  dotted  with  mosses,  harebells  and  rock  ferns, 
rise  to  such  a  height  as  to  exclude  all  save  the  noonday  sun  and 
bury  the  gorge  in  fragrant  coolness.  The  glen  has  been  carved 
in  the  Saint  Peter  sandstone,  which  here  has  the  exceptional 
thickness  of  100  feet.  The  bright  and  varied  colors  of  this  rock 
add  beauty  and  interest  to  the  place.  Numerous  tints  of  red, 
yellow  and  gray  shading  into  white  prevail,  arranged  in  bands 
or  irregular  patches. 

At  the  mouth  of  Turkey  river  erosion  has  left  a  long,  narrow, 
steep-sided  ridge  between  the  valleys  of  that  stream  and  the 
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Mississippi.  It  extends  for  nearly  three-quarters  of  a  mile  with 
its  summit  scarcely  wide  enough  to  afford  space  for  a  foot  path, 
and  on  either  side  are  perpendicular  cliffs  of  Galena  limestone 
from  100  to  200  feet  high.  Here  and  there  are  picturesque  pin- 
nacles, towers  and  battlements  of  the  same  rock,  which  has 
weathered  into  countless  fantastic  forms.  The  end  of  this  ridge 
is  shown  in  Plate  V.  The  rocky  and  uneven  summit  is  well  seen 
from  Millville  station,  two  miles  above  the  mouth  of  the  Turkey 
river.  A  similar  narrow  ridge  is  found  just  below  Guttenberg, 
at  the  mouth  of  Miners  creek  (Fig.  19).     In  both  cases  these 


Pis'.  19.— B.dfire  between  Mississippi  aad  Miaer  creek,  Guttenbenr* 

sharp  ridges  are  caused  by  the  minor  valley  joining  that  of  the 
Mississippi  at  an  acute  angle. 

The  valleys  of  the  Turkey  and  Volga  rivers  are  conspicuous 
features  in  the  topography  of  the  county.  They  have  been  cut  to 
a  depth  of  400  or  500  feet,  and  in  places  the  flood  plain  is  more 
than  one-half  mile  wide.  Cliffs  of  Galena  limestone  outcrop 
along  the  sides  at  numerous  points,  with  here  and  there  isolated 
turrets  or  towering  castle-like  forms.  These  are  well  shown  at 
Motor,  on  the  Turkey  river,  and  at  Mederville,  Littleport,  Elk- 
port  and  elsewhere  on  the  Volga.     Throughout  most  of  their 


PHYSIOGRAPHY. 


extent  the  valleys  have  been  eroded  chiefly  in  Galena-Platteville 
bedS)  but  toward  the  western  border  of  the  county  the  Maquoketa 
shale  outcrops  in  the  bottom  of  the  stream-cut  trenches.  Where 
they  have  been  cut  in  the  soft  shales  of  the  Maquoketa  there  is 
a  very  noticeable  broadening  out  of  the  valleys.  This  is  best 
seen  in  the  case  of  the  Volga  river,  which,  from  a  mile  or  more 
below  the  town  of  Volga  to  the  Fayette  county  line,  flows  through 
a  broad  valley  with  gently  sloping  sides  rising  gradually  to  the 
Niagara  cliffs  one  or  two  miles  back  from  the  river.  At  Meder- 
ville  on  the  other  hand  the  river  flows  in  a  narrow  rock-walled 
gorge  which  is  little  wider  than  the  channel  itself.  In  this  por- 
tion of  its  course  the  sides  rise  abruptly  eighty  or  one  hundred 
feet  to  the  top  of  the  Galena  beds,  whence  there  is  a  more  grad- 
ual slope  to  the  Niagara  escarpment.  But  when  the  Maquoketa 
shales  are  reached  in  the  vicinity  of  Volga,  where  the  Galena- 
Platteville  is  below  river  level,  these  soft  and  easily  eroded 
shales  have  enabled  the  stream  to  cut  a  much  broader  valley  with 
gently  sloping  sides.  The  weathering  of  the  shale  is  compara- 
tively rapid  and  results  in  a  widening  of  the  gorge. 

The  marked  difference  in  the  character  of  the  valley  at  Meder- 
ville  or  Littleport  and  Volga  is  therefore  due  wholly  to  the  dif- 
ference in  the  nature  of  the  rock  in  which  it  has  been  carved.  The 
same  peculiarity  is  found  in  the  valley  of  the  Turkey  river  near 
the  western  border  of  the  county,  though  'the  Maquoketa  beds 
are  not  as  shaly  along  that  stream,  and  hence  the  change  in  the 
topography  is  less  marked. 

The  valley  of  Bloody  Run,  at  the  mouth  of  which  is  located 
the  town  of  North  McGregor,  though  little  more  than  ten  miles 
long,  forms  a  steep  sided  gorge  300  to  400  feet  in  depth,  which  is 
followed  by  the  Chicago,  Milwaukee  and  St.  Paul  railway  in 
passing  from  the  flood  plain  of  the  Mississippi  to  the  upland  600 
feet  above.  Toward  the  lower  end  of  the  valley  the  Oneota  lime- 
stone forms  picturesque,  gray  cliffs  rising  precipitously  along 
the  sides  while  farther  up,  deeply  weathered  crags  and  towers 
of  Gnlena  dolomite  appear.  In  an  expansion  at  its  mouth,  and 
within  the  limits  of  the  town  of  North  McGregor,  a  hill  of  cir- 
oumdenudation  rises  110  feet  above  low  water  in  the  Missis- 
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sippi  and  forty-five  feet  above  the  terrace  of  silt  which  partially 
encircles  the  knoll.  The  latter  is  composed,  in  part  at  least,  of 
Oneota  limestone  which  has  been  quarried  on  a  small  scale  near 
the  summit.  At  the  time  the  terrace  was  being  built  the  hill  must 
have  formed  a  rocky  island  about  which  the  deposit  of  stratified 
silt  accumulated  in  the  quiet  water  near  the  shore.  Similar  hills 
of  circumdenudation  are  not  uncommon  throughout  the  county, 
being  found  in  the  vicinity  of  Volga,  Elkader,  Motor  and  else- 
where.   The  Stoops  quarry,  at  Elkader,  is  located  near  the  top 


Fis:  .  20     Blocks  of  Niagrara  limestone  -which  have  slipped  down  the  Maquoketa  slope 
Elk  creek  valldy,  section  23.  Elk  township. 

of  such  a  hill  which  has  been  left  between  two  valleys  entering 
that  of  the  Turkey  within  a  short  distance  of  each  other.  One 
of  these  is  no  longer  occupied  by  a  stream  and  is  partially  filled 
by  river  deposits  and  materials  from  the  hillsides. 

Little  Turkey  river  and  Elk  creek  have  cut  narrow,  steep  sided 
gorges  far  back  into  the  Niagara  escarpment  to  a  depth  of  300  to 
400  feet.  In  the  valley  of  Elk  creek  the  difference  in  the 
topography  of  the  Maquoketa  shales  and  Niagara  dolomite  is 
c  specially  well  shown,  though  it  is  seen  at  numerous  other  points 
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south  of  the  Volga,  and  also  between  that  stream  and  the  Turkey 
river.  Four  or  five  miles  south  of  Elkport  the  shales  occur  in  the 
bottom  of  the  valley  and  rise  some  distance  above  until  the 
heavy  overlying  limestone  ledges  are  reached.  Below,  in  the 
Maquoketa  beds,  the  slopes  are  gentle,  rounded,  and  occupied 
by  cultivated  fields  and  meadows.  The  Niagara,  on  the  other 
hand,  forms  cliffs  and  abrupt  slopes  which  are  too  steep  and 
r^cky  for  cultivation  and  are  almost  always  heavily  wooded. 


Fkg,  21  —Maquoketa  slope  leading:  up  to  Nias-ara  escarpment,  section  13,   Sperry 
township. 

Great  masses  of  limestone  (Fig.  20)  have  been  broken  off  by  un- 
dermining, by  frost  or  other  destructive  processes  and  agen- 
cies, and  have  slipped  down  the  smooth  clay  slopes  of  the 
Maquoketa  until  they  are  often  found  far  away  from  the  parent 
ledges.  These  huge  limestone  blocks,  some  of  them  as  large  as 
the  ordinary  country  school  house,  are  very  characteristic  of  the 
Maquoketa  slopes.  They  are  frequently  found  in  large  numbers 
near  the  base  of  the  Niagara  escarpment,  the  masses  being  tilted 
at  all  angles,  though  sometimes  the  original  horizontal  position 
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of  the  beds  has  been  maintained,  even  where  the  blocks  have 
traveled  long  distances. 

The  roads  often  follow  close  to  the  base  of  the  rocky,  wooded 
and  precipitous  slopes  of  the  Niagara  escarpment,  thus  afford- 
ing a  broad  outlook  over  the  gently  rolling  Maquoketa  surface 
with  its  fields,  meadows  and  orchards. 

Other  localities  where  these  topographic  features  are  well 
shown  are  in  section  13  of  Sperry  township,  section  29  of  High- 
land and  in  parts  of  Cox  creek,  Elk,  Mallory  and  Millville  town- 
ships. They  are  seen  also  in  the  vicinity  of  Volga,  where  the 
gently  rounded  slopes  of  the  broad  river  valley  are  in  the  soft 
and  easily  eroded  shales,  while  farther  back  the  massive,  heavy 
ledges  of  Niagara  dolomite  outcrop  toward  the  summit  of  the 
hiliF. 

From  the  foregoing  it  is  evident,  as  previously  stated,  that  the 
topography  of  the  driftless  portions  of  the  county  is  the  result 
of  the  action  of  erosion  and  weathering  on  nearly  horizontal 
strata  of  varying  degrees  of  hardness.  The  influence  of  the 
character  of  the  roek.s  upon  the  results  produced  is  well  exhibited 
by  the  land  forms  occurring  in  the  areas  of  the  Galena-Platte- 
ville,  Maquoketa  and  Niagara  respectively.  The  cliffs, 
towers,  crags  and  other  fantastic  forms  assumed  by  the 
first  named  of  these  formations  are  seen  in  the  bluffs 
of  the  Mississippi  from  Clayton  to  Buena  Vista  and 
below;  along  the  Turkey  and  Volga  rivers  throughout 
their  courses  to  within  four  or  five  miles  of  the  west- 
ern border  of  the  county;  along  Buck  and  Miners  creeks 
and  many  of  the  minor  streams  of  the  area.  Where  the  Maciuo- 
keta  is  composed  chiefly  of  clay  shales,  as  in  the  neighborhood 
of  Volga  and  south  of  the  river  of  the  same  name,  it  is  a  region 
of  low,  gently  rounded  slopes  which  rise  gradually  from  the 
Galena-Platteville  beds  to  the  Niagara  cliffs.  The  sinuous  out- 
crop of  the  latter,  marked  by  abrupt,  rocky  slopes,  produces  the 
conspicuous  escarpment  which  is  such  a  marked  topographic  fea- 
ture south  of  the  Volga  and  Turkey  rivers.  It  also  caps  the  high 
ridge  between  those  streams  and  forms  the  prominent  hill  near 
Gunder.  The  Niagara  formerly  covered  a  much  larger  area 
than  at  pr(»sent  and  ])robal)ly  extended  over  the  greater  portion, 
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if  not  all  of  the  county,  but  it  has  been  very  much  affected  by 
erosion.  The  Highland  ridge  was  once  continuous  with  the  main 
mass  of  the  Niagara  south  of  the  river,  as  were  also  the  Gunder 
and  other  outliers,  but  the  Turkey  and  Volga  rivers  have  cut 
their  valleys  through  the  formation  and  left  widely  separated 
remnants.  The  escarpment  is  not  stationary,  but  is  constantly 
being  pushed  back  through  weathering  and  stream  erosion. 

The  uplands  and  ridges  represent  an  old  peneplain  in  which 
the  existing  valleys  have  been  cut.  This  was  probably  formed 
tov/prd  the  end  of  the  Cretaceous  or  possibly  during  Tertiary 
times.  The  former  land  surface  was  worn  down  by  the  streams 
into  a  comparatively  level  plain  with  only  a  few  minor  inequali- 
ties remaining.  The  streams  had  cut  down  to  base  level  and 
flowed  in  broad,  wide  bottomed  valleys  with  low  and  very  gently 
sloping  sides  and  flattened  intervening  divides.  Later  this  old 
peneplain  was  elevated  600  or  700  feet,  and  the  rivers  began 
cutting  their  present  valleys.  These  have  reached  a  new  base 
level,  and  their  flood  plains  represent  the  beginning  of  a  second 
peneplain  which  will  be  completed  in  the  course  of  time  if  there 
is  no  elevation  or  depression  before  the  cycle  is  brought  to  an 
end. 

low  AN    DRIFT    AREA. 

The  lowan  drift  area  occupies  portions  of  Cass  and  Lodomillo 
townships  in  the  southwestern  corner  of  the  county.  The 
topography  is  here  in  marked  contrast  with  that  of  the  remainder 
of  the  area  since  it  is  constructional  and  produced  by  the  accu- 
mulation of  drift  instead  of  being  the  result  of  erosion.  The 
border  of  the  lowan  drift  is  followed  in  a  general  way  by  the 
Chicago,  Milwaukee  and  Saint  Paul  railroad,  though  northwest 
of  Strawberry  Point  the  boundary  lies  from  one  to  two  miles 
north  of  that  road.  Strawberry  Point  is  located  very  near  the 
edge  of  the  drift  sheet,  and  Edgewood  lies  one  mile  south,  while 
the  wagon  road  between  these  two  towns  follows  the  border 
closely  the  entire  distance. 

Throughout  most  of  its  course  in  this  county,  as  well  as  else- 
where in  the  state,  the  lowan  border  is  marked  by  a  ridge  or  a 
series  of  ridges  and  hills  of  drift  and  loess  rising  fifty  to  sixty 
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feet  above  the  drift  plain.  For  a  distance  of  one  mile  east  of 
Strawberry  Point  there  is  a  single  ridge,  and  it  is  upon  this  that 
the  cemetery  is  located  Farther  east  the  drift  has  been  heaped 
up  into  irregular  hills  forming  a  belt  about  one-half  mile  in 
width.  From  some  point  of  rantage  on  top  of  this  ridge,  as 
near  the  school  house  one  mile  east  of  town,  or  at  the  crossroads 
in  the  southwest  quarter  of  section  27,  or  in  liie  southeast  quar- 
ter of  section  28  of  Lodomillo  township,  one  may  compare  the 
drift  plain  on  the  inside  with  the  driftless  area  outside  the 
border.  The  surface  of  the  lowan  plain  is  flat  and  poorly  drained, 
with  shallow  depressions  or  swales  and  low,  rounded  elevations 
(Fig.  22).  Scattered  over  it  are  numerous  large,  coarse-grained 
granite  bowlders,  many  of  which,  however,  have  been  gathered 


Fig".  22 -The  lowan'drift  plain  near  Strawberry  Point. 

from  the  fields  and  used  in  the  construction  of  stone  fences.  The 
loess  which  mantles  the  surface  elsewhere  in  the  county  is  absent 
from  this  area  and  the  soil  is  a  rich  black  color. 

Turning  to  the  north  and  looking  in  the  opposite  direction  the 
country  exhibits  a  topography  of  an  entirely  different  kind.  Here 
the  land  is  rough  and  cut  by  the  streams  into  deep  valleys  and. 
steep  sided  ridges,  until  little  flat  surface  remains.  The  roads, 
instead  of  being  straight,  and  laid  out  along  the  section  lines, 
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follow  either  the  divides  between  the  streams  or  the  bottoms  of 
the  valleys.  A  thick  mantle  of  loess  covers  the  bed  rock  and 
there  is  almost  an  entire  absence  of  large  bowlders.  On  this  side 
are  the  erosional  features  of  the  drif tless  area,  on  the  other  the 
level  drift  plain,  but  slightly  modified  by  erosion  and  resulting 
from  the  accumulation  and  heaping  up  of  materials  by  the  ice 
sheet.  The  streams  have  cut  only  shallow  channels  in  the  lowan 
drift  plain.  The  valley  formed  by  the  headwaters  of  the  Maquo- 
keta,  for  instance,  has  a  depth  of  little  more  than  sixty  feet  and 
is  bordered  by  cliffs  of  Niagara  limestone,  the  drift  being  thin 
in  many  places  along  the  sides. 

These  two  types  of  topography  are  so  strikingly  different  as  to 
attract  the  notice  of  even  a  casual  observer,  though  he  may  not 
stop  to  inquire  the  cause.  At  many  points  along  the  border  and 
just  inside  the  ridge  or  belt  of  hills  marking  the  boundary  there 
is  a  low,  swampy  and  poorly  drained  area.  Such  a  swale  may 
be  seen  at  Edgewood,  between  the  town  and  the  bordering  ridge 
lying  to  the  north.  Northwest  of  Strawberry  Point  the  edge  of 
the  lowan  drift  is  not  marked  by  a  ridge  of  hills  and  is  less  easily 
traced  since  it  has  been  modified  by  erosion  of  the  streams  flow- 
ing northeast  into  the  Volga. 

DRAINAGE. 

The  Turkey  and  its  tributaries  drain  over  three-quarters  of  the 
county;  less  than  one-fifth  of  the  area  is  drained  by  small 
streams  flowing  directly  into  the  Mississippi;  portions  of  Cass 
and  Lodomillo  townships  are  tributary  to  the  Maquoketa,  and 
a  small  strip  along  the  northern  border  drains  north  into  the 
Yellow  river. 

The  Mississippi  forms  the  eastern  boundary  and  has  influ- 
enced the  drainage  of  the  entire  region.  This  major  stream  by 
cutting  its  valley  to  a  depth  of  more  than  600  feet  has  established 
a  base  level  which  controls  the  depth  to  which  its  tributaries 
have  been  able  to  cut  their  channels.  Beginning  at  the  north  the 
following  streams  empty  into  the  Mississippi :  Bloody  Run,  Sny 
Magill  creek,  Buck  creek.  Miners  creek  and  Turkey  river.  All  of 
these  flow  in  a  southeasterly  direction  except  the  first  named 
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which  has  a  course  nearly  due  east.  Bloody  Run  rises  on  the  up- 
land near  Monona  and  has  a  fall  of  about  550  feet  before  reach- 
ing its  mouth,  eleven  miles  distant. 

The  Turkey  river  enters  the  county  nine  miles  from  the  north- 
em  border  and  crosses  it  in  a  general  southeasterly  direction 
to  its  confluence  with  the  Mississippi  not  far  from  the  southern 
boundary.  The  descent  from  the  west  county  line  to  the  mouth 
is  180  feet,  or  3.6  feet  per  mile.  The  Volga  after  entering  Clay- 
ton county  has  an  average  fall  of  almost  six  feet  to  the  mile 
above  its  junction  with  the  Turkey  at  Elkport.  The  chief  tribu- 
tary of  the  latter  stream  is  Robert  creek,  which  has  its  source  in 
the  northwestern  corner  of  the  area,  near  Postville,  and  with  a 
very  winding  course  flows  first  southeast  and  then  almost  due 
south  until  it  joins  the  Turkey  river  a  few  miles  below  Elkader. 
Robert  creek  and  its  different  branches,  including  Dry  Mill 
creek  and  the  other  large  tributary  entering  the  Turkey  from 
the  north  (Cedar  creek)  afford  excellent  examples  of  dendritic 
drainage  systems.  Their  secondary  and  tertiary  branches  spread 
out  in  all  directions  like  the  limbs  of  a  tree  until  they  dissect  and 
drain  a  large  territory.  Other  streams  of  the  area  exhibit  the 
same  dendritic  character,  though  perhaps  not  so  perfectly  and 
symmetrically.  The  principal  tributaries  of  the  Turkey  river 
from  the  south  are  Elk  creek,  Little  Turkey  river  and  Blue])ell 
creek,  the  head  waters  of  all  three  being  across  the  line  in  Du- 
buque and  Delaware  counties.  The  first  named  flows  almost 
due  north,  the  other  two  northeast. 

The  Volga  also  receives  a  number  of  important  streams  from 
the  south,  including  Bear,  Honey,  Cox,  Hewelt  and  Nagle  creeks, 
all  of  which  have  northeasterly  courses.  Their  sources  are  close 
to  the  border  of  the  lowan  drift  plain,  upon  which  they  are 
slowly  encroaching  by  the  headward  erosion  of  the  streams. 
This  process  results  in  the  extension  of  the  valleys  in  that  direc- 
tion, and  the  divide  is  gradually  l)eing  shifted  to  the  south  and 
west,  since  the  streams  flowing  into  the  Volga  have  a  greater  fall 
and  swifter  current  than  those  entering  the  Maquoketa.  They 
are  therefore  enabled  to  erode  more  rapidly  and  are  taking  pos- 
session of  the  territory  now  draining  south  into  the  Maquoketa 
river.     Hewitt  and  Spring  creeks,  the  latter  a  branch  of  Cox 
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creek,  have  already  extended  their  valleys  some  distance  into  the 
lowan  drift,  the  one  near  the  west  line  of  the  county,  the  other 
just  north  of  Strawberry  Point.  Between  the  last  mentioned 
town  and  Edgewood  the  ridged  border  of  the  lowan  drift  forms 
the  divide  separating  the  headwaters  of  the  streams  tributary 
to  the  Volga  and  those  emptying  into  the  Maquoketa.  Three  of 
the  creeks,  Bear,  Honey  and  Cox,  though  they  enter  the  major 
stream  at  points  three  to  seven  miles  apart  have  their  sources 
within  a  mile  of  each  other  in  sections  21  and  22  of  Lodomillo 
township. 

STRATIQBAPHY. 

GENERAL  RELATIONS  OF  THE  STRATA. 

So  far  as  known  there  is  but  one  other  county  in  Iowa,  Winne- 
shiek, which  has  so  many  geological  formations  as  Clayton. 
There  are  no  less  than  seven  represented  by  the  indurated  rocks, 
and  in  addition  to  these,  two  drift  sheets  cover  portions  of  the 
area,  while  other  deposits  dependent  upon  the  ice  invasion  also 
occur.  Then  too  the  conditions  are  very  favorable  for  the  study 
of  the  strata  of  different  ages.  The  deep  valleys  cut  by  the 
streams  afford  numerous  oiiterops  in  all  parts  of  the  county 
and  the  absence  of  drift  over  a  large  portion  of  the  district  adds 
to  the  number  of  rock  exposures.  Many  of  these  afford  vertical 
sections  300  to  400  feet  thick  and  include  beds  belonging  to 
several  different  formations. 

No  one  of  the  twenty-two  townships  is  without  its  outcrops, 
frequently  continuous  for  long  distances,  and  bringins:  to  view 
the  character  of  the  various  beds.  The  oldest  strata,  the  Saint 
Croix,  Oneota  and  Saint  Peter  are  confined  to  the  northeastern 
corner  of  the  area,  the  two  last  named  extending  as  far  south  as 
Guttenberg  in  the  valley  of  the  Mississippi.  The  Trenton,  using 
the  term  in  the  sense  in  which  it  is  used  in  the  Dubuque  county 
report.  Vol.  X,  is  confined  almost  wholly  to  the  stream  valleys 
and  the  same  is  largely  true  for  the  Galena,  though  this  dolo- 
mite also  forms  the  bed  rock  over  several  of  the  northwestern 
townships.  The  Maquoketa  has  a  wide  distribution  and  with 
the  Niagara  covers  by  far  the  greater  part  of  the  area.  With 
the  exception  of  several  outliers  the  Niagara  is  confined  to  the 
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region  south  of  the  Turkey  river,  while  the  Maquoketa  shales  are 
found  not  only  south  of  that  stream  but  occupying  a  belt  from 
six  to  ten  miles  wide  north  and  east  of  the  Turkey  river. 

In  going  up  the  valley  of  Bloody  Run  from  its  mouth  to  the 
station  of  Beulah  one  sees  almost  a  continuous  section  extend- 
ing from  the  Saint  Croix  sandstone  at  North  McGregor  through 
the  Oneota,  exposed  in  the  numerous  railroad  cuts  and  in  the 
cliffs,  Saint  Peter  sandstone,  Trenton  and  Galena  limestones. 
The  same  succession  of  formations  is  found  along  the  sides  of 
the  ravines  in  which  is  located  the  town  of  McGregor. 

Though  the  Kansan,  drift  is  exposed  at  a  number  of  widely 
separated  points  and  covers  considerable  areas  in  the  county 
it  is  so  thin  as  to  modify  but  slightly  the  preglacial  topography. 
The  lowan  drift  is  confined  to  the  southwestern  corner,  where 
it  exhibits  all  the  characteristics  which  distinguish  it  in  other 
parts  of  the  state. 

The  following  synoptical  table  shows  the  relations  of  the 
various  formations : 


GROUP 

SYSTEM 

SBBIBS 

STAGE 

Quaternary 

Recent 

Alluvium 

Pleistocene 

Wisconsin-terrace 

C«nozoic 

Loess 

Inwan  drift 

Buchanan  jjravt-ls 

Kansan  drifr 

Residual  products 


Paleozoic 


^ilurian 


Ordovician 


Cambrian 


Niagara 


Trenton 


Canadian 


Potsdam 
(Saratogan) 


HoDkimon 


Maquoketa 


Galena 


Trenton 


Saint  Peter 


Lower  magiiesian 
Saint  Croix 


In  this  table  ''Hopkinton*'  has  been  substituted  for  the  term 
** Delaware'^  of  the  earlier  reports,  to  designate  the  phase  of 
the  Niagara  limestone  which  makes  up  the  great  basal  member 
of  the  formation  below  the  Le  Claire  and  Anamosa  phases  seen 
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in  Jones,  Cedar  and  Scott  counties,  Iowa.  The  name  '^  Dela- 
ware'^  was  preoccupied,  having  been  used  by  Orton  in  1878  for 
a  portion  of  the  Devonian  system  of  Ohio.  The  terms  '* Galena'* 
and  '*  Trenton '*  in  the  table,  and,  later  in  the  text,  the  compound 
'*  Galena-Trenton '^  are  used  as  they  were  employed  by  Calvin 
and  Bain  in  the  report  on  Dubuque  county.  The  recent  sug- 
gestion of  Bain  (U.  S.  Geol.  Surv.,  Bulletin  No.  256:  The  Zinc 
and  Lead  Deposits  of  Northwestern  Illinois)  to  divide  the 
*' Galena-Trenton*'  stratigraphically  is  to  be  commended.  If 
the  suggestion  is  followed,  all  above  the  ''Green  Shales'*  of  the 
Minnesota  geologists  will  be  called  ''Galena'*  regardless  of 
lithological  characters,  while  the  "Green  Shales**  and  under- 
lying limestones  will,  together,  be  known  as  the  "Platteville". 
In  the  earlier  reports  of  this  Survey  the  term  "Oneota"  was 
used  as  the  exact  equivalent  of  Owen's  "Lower  Magnesian 
Limestone".  McGee,  however,  as  indicated  in  the  following 
Comparative  Table,  proposed  "Oneota"  for  the  lower  member 
only  of  Owen's  "Lower  Magnesian",  and  the  terms  "New 
Richmond"  and  "Shakopee"  have  been  accepted  more  or  less 
generally  for  the  upper  members.  It  seems  to  some  advisable 
to  restore  "Oneota"  to  the  body  of  limestone  for  which  McGee 
proposed  it,  in  which  case  the  three  distinct  units  making  up  the 
formation  covered  by  Owen's  name  will  be  designated  by  con- 
venient terms,  definite  and  precise.  For  the  present  the  original 
term  "Lower  Magnesian"  may  be  retained  for  the  formation 
represented  by  the  three  units  combined,  until  some  more  accept- 
able term  has  been  proposed. 
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OAMBBIAN  SYSTEM. 

SAINT  CROIX  SANDSTONE. 

The  Saint  Croix  sandstone  is  the  oldest  rock  found  in  Clayton 
county  and  with  one  exception  is  the  oldest  in  the  state.  It 
belongs  to  the  Potsdam  series,  which  is  the  upper  or  younger 
division  of  the  Cambrian.  The  formation  has  been  called  the 
Saint  Croix  sandstone  by  N.  H.  Winchell. 

The  rock  as  exposed  in  Clayton  county  is  a  medium  coarse- 
grained, massive  sandstone  often  showing  cross-bedding  and  of 
a  prevailing  yellow  or  buff  color,  though  white,  light  gray, 
brown,  chocolate,  green  and  other  shades  are  seen.  When 
examined  closely  it  is  seen  to  be  composed  of  clear,  transparent, 
rounded  grains  of  quartz  with  very  little  cementing  material 
between  them.  The  rock  is  thus  for  the  most  part  a  very  pure 
sandstone  with  only  small  amounts  of  calcareous  or  ferruginous 
material.  In  places  it  forms  a  soft,  incoherent  bed  of  sand 
which  can  be  removed  with  a  shovel ;  in  other  places  the  grains 
are  cemented  together  to  form  hard  beds.  The  rock  weathers 
irregularly,  the  softer  layers  wearing  away  more  rapidly  and 
leaving  the  harder  portions  projecting.  Only  the  upper  eighty 
-feet  of  the  Saint  Croix  are  exposed  in  Clayton  county  but  nearly 
the  entire  thickness  has  been  penetrated  by  the  deep  wells  at 
McGregor  and  across  the  river  at  Prairie  du  Chien.  The  record* 
of  the  well  at  the  latter  place  shows  the  presence  of  the  three 
members  which  compose  the  formation,  namely  the  Basal  Sand- 
stone, Saint  Lawrence  limestone  and  Jordan  sandstone  of  N.  H. 
Winchell,  Norton,  Calvin  and  others,  or  the  Potsdam  sandstone, 
Mendota  limestone  and  Madison  sandstone  of  Irving.  One  of 
the  wells  at  Prairie  du  Chien  went  down  1040  feet  without  reach- 
ing the  bottom  of  the  Saint  Croix  and  the  first  well  drilled  at 
McGregor  has  a  depth  of  1006  feet  in  the  sandstone,  though  it 
starts  some  distance  below  the  top  of  the  formation.  This  gives 
the  sandstone  a  thickness  of  at  least  1050  feet.  It  is  only  a  part 
of  the  upper  member  or  Jordan  sandstone  that  is  exposed  above 
river  level  in  this  area.    At  the  north  county  line  it  rises  eighty 

•Iowa  Qeol.   Surv..   Vol.  VI,  pp.   187,  188.  Des  Molnts,  1897. 
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feet  above  the  Mississippi,  at  McGregor  seventy  feet  above  low 
water  and  two  miles  below,  at  the  mouth  of  the  Wisconsin,  the 
Saint  Croix  disappears  beneath  the  river  level. 

This  sandstone  outcrops  only  in  the  northeastern  comer  of 
the  comity,  in  Mendon  township,  where  it  is  seen  in  the  blulffs  of 
the  Mississippi,  along  Bloody  Run  and  the  ravines  in  which 
McGregor  is  located.  There  are  good  outcrops  just  below 
North  McGregor,  along  the  wagon  road  between  that  place  and 
McGregor,  and  at  Point  Ann,  just  south  of  the  latter  town.  The 
rock  is  also  well  exposed  on  the  north  side  of  the  main  street  of 
McGregor  where  it  has  been  excavated  to  make  room  for  build- 
ings (Fig.  23). 


Figr.  23.- Saint  Croix  sandstone  at  McGregor. 

No  fossils  have  been  found  in  the  Saint  Croix  sandstone  of 
this  area  and  the  conditions  existing  at  the  time  of  its  forma- 
tion were  not  favorable  to  the  preservation  of  animal  or  plant 
remains.    The  sediments  were  accumulated  near  the  shore  and 
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the  sands  were  subjected  to  the  action  of  waves  and  currents,  as 
is  shewn  by  the  cross-bedding.  Even  the  hard  calcareous  shells 
of  the  moUusks  would  be  ground  to  powder  and  only  occasion- 
ally would  evidence  of  their  existence  be  preserved. 

OBDOVICIAN  STSTEM. 

LOWER  MAGNBSIAN  LIMESTONE. 
(ONEOTA  LIMESTONE  OP  PREVIOUS  REPORTS,) 

This  limestone  was  first  described  by  Owen  and  in  his  report 
of  1852  is  termed  the  Lower  Magnesian  limestone.  It  will  be 
seen  by  reference  to  the  preceding  comparative  table  of  forma- 
tions that  the  Oneota  as  formerly  used  in  these  reports  includes 
the  Main  Body  of  Limestone,  New  Richmond  sandstone  and 
Shakopee  limestone  of  N.  H.  Winchell,  but  does  not  correspond 
to  the  Oneota  of  McGee  which  comprises  only  the  Main  Body  of 
Limestone.  The  present  tendency  is  to  restrict  the  term 
*' Oneota ''  to  this  lower  division,  as  defined  by  McGee.  See 
Report  on  Winneshiek  county,  this  volume. 

As  was  shown  by  Calvin  in  his  report  on  Allamakee  county* 
no  persistent  sandstone  formation  is  found  in  Iowa  equivalent 
to  the  New  Richmond  of  Minnesota  and  Wisconsin,  but  in  places 
there  seems  to  be  an  almost  continuous  succession  of  dolomitic 
beds  extending  from  the  top  of  the  Saint  Croix  to  the  Saint 
Peter  sandstone.  Hence  the  name  Oneota  limestone  has  been 
employed  by  the  present  Survey  in  such  wise  as  to  include  the 
entire  assemblage  of  strata  lying  between  the  above  mentioned 
sandstones  and  is  equivalent  to  Owen^s  Lower  Magnesian  lime- 
stone. For  the  present  it  seems  desirable  to  revert  to  Owen^s 
name,  and  restrict  ''Oneota'*  to  the  lower  member,  as  noted 
above. 

The  Lower  Magnesian  is  not  marked  off  sharply  from  the 
underlying  Saint  Croix,  but  there  is  a  transition  from  the  one 
to  the  other  through  from  fifteen  to  twenty  feet  of  calcareous 
sandstone  or  siliceous  oolite.  This  rock  is  composed  of  clear, 
rounded  grains  of  quartz  cemented  by  lime  carbonate.  In  some 
beds  this  cementing  material  is  quite  abundant,  in  others  there 

•Iowa  Geol.  Sury.,  Vol.  IV,  pp.  62-e8,  Des  Moines,  1894. 
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is  only  enough  to  hold  together  the  grains.  The  ledges  vary  in 
thickness  from  a  few  inches  to  two  or  three  feet.  This  siliceous 
oolite  is  well  exposed  in  an  old  quarry  in  the  river  bluff  one  and 
one-half  miles  above  North  McGregor.  The  transition  beds  are 
also  seen  in  the  section  at  Point  Ann,  just  below  McGregor. 
Here  there  are  alternating  layers  of  sandstone  and  limestone 
and  some  oolite  similar  to  that  described  above. 

The  Lower  Magnesian  formation  is  for  the  most  part  com- 
posed of  a  massive,  coarse,  vesicular  dolomite  showing  few 
bedding  planes.  Its  color  is  light  gray  aud  white  to  bluff.  The 
lower  portion,  for  a  thickness  of  thirty  to  forty  feet  above  the 
Saint  Croix,  is  in  ledges  two  to  four  feet  thick  aud  has  been 
quarried  at  a  number  of  points.  At  some  horizons,  particularly 
toward  the  top,  the  strata  contain  abundant  chert  nodules.  Some 
of  the  beds  carry  much  crystalline  calcite,  filling  the  cavities  in 
the  dolomite.  Above  the  quarry  ledges  the  rock  is  more  massive, 
coarse-textured  and  rough  to  the  touch,  and  weathers  with  an 
uneven,  pitted  surface  not  unlike  the  Galena  limestone. 

Along  Bloody  Run  several  sandstone  beds  are  exposed  not 
far  from  the  top  of  the  formation.  In  the  railroad  cut  one- 
quarter  of  a  mile  below  Giard  station  and  not  more  than  twenty 
or  thirty  feet  below  the  Saint  Peter  sandstone  are  three  sand- 
stone beds  from  eight  inches  to  one  foot  thick  separated  by  lime- 
stone layers.  The  rock  is  formed  of  clear  quartz  grains  with 
little  cementing  material. 

Near  Clayton  the  upper  fifty  feet  of  the  Lower  Magnesian  is 
^  seen  to  contain  thin-bedded  sandy  and  shaly  layers.  These  have 
a  thickness  of  about  fifteen  feet  and  are  overlain  by  brecciated 
beds. 

These  arenaceous  beds  are  doubtless  the  equivalent  of  the 
New  Richmond  sandstone  of  Minnesota  and  Wisconsin,  but  it 
will  be  noted  that  the  sandstone  member  is  here  unimportant 
and  the  dolomitic  strata  form  practically  a  continuous  series 
between  the  top  of  the  Saint  Croix  and  bottom  of  the  Saint 
Peter. 

South  of  McGregor  the  Lower  Magnesian  limestone  is  often 
brecciated,  but  this  feature  was  not  observed  north  of  that  place. 
This  brecciation  is  especially  well  shown  in  the  ravine  at  the 
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sand  pit  just  below  Claytou.  Here  the  upper  ninety  feet  of  the 
limestone  are  well  exposed  and  tlie  lower  portion  of  the  section 
is  formed  of  the  usual  massive  doh)mite,  here  having  a  thick- 
ness above  low  water  in  the  Mississippi  of  forty  feet.  Above 
this  are  fifteen  feet  of  sandy  and  calcareous  shales  and  earthy, 
impure  limestone  in  thin,  irregular  beds.  This  rock  is  soft  and 
weathers  more  rapidly  than  the  overlying  dolomitic  strata, 
which  form  overhangins:  ledges. 

Composing  the  upper  portion  of  the  Lower  Magnesian  section 
as  here  exjjosed  are  the  brecciatcM.l  and  concretionary  beds  lying 
immediately  ix^low  th(*  Saint  Teter  sandstone  and  having  a 
thickness  of  about  forty  feet.  The  angular  fragments  of  the 
breccia  vary  in  size  from  one  inch  to  on(»  foot  in  diameter.  In 
some  places  wlnit  ap])ear  lo  he  the  original  bedding  j)laiies  are 
clearly  seen  and  the  lay(»rs,  from  a  fraction  of  i\u  inch  to  an 
inch  and  more  in  thickness,  are  niiicli  fractured.  l*ortions  of  the 
rock  are  composed  almost  wholly  of  con(*retionary  masses.  The 
nucleus  of  the  concretions  is  a  v(»ry  comi)act  magnesian  lime- 
stone and  enclosi!ii»-  it  are  a  nunib(»r  of  concentric  lay(»rs  or 
shells  one  to  two  inches  thick  and  less.  The  majority  of  these 
masses  are  from  ()n(»  to  two  feet  in  diametta",  though  some  were 
seeii  with  a  diameter  of  six  feet.  Each  one  of  the  concentric 
layers  is  finely  laminated  and  formed  of  alternately  gray,  com- 
pact bands  and  yellow  bands,  less  com])act. 

Calvin,  in  his  report  on  Allamakee  (*ounty, '  mentions  similar 
concretion-like  masses  composing  some  of  the  beds  near  the  top 
of  the  formation  and  notes  their  resiMnblance  to  soin(»  forms  of 
Stroma  toporoids. 

The  Lower  Magnesian  formation,  including  the  Oneota 
proper.  New  Richmond  and  Shakopee,  varies  in  thickness  from 
200  tp  230  feet.  In  the  ravines  about  McGregor  it  is  not  more 
than  200  feet,  but  two  miles  b(*low,  opposite  the  mouth  of  the 
Wisconsin  river,  it  measures  230  feet.  At  no  point  is  the  entire 
thickness  exposed  in  continuous  section.  Along  the  lower  course 
of  Blood V  Run  vertical  cliffs  of  this  dolomit(\  from  fifty  to  100 
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feet  high,  appear  along  the  sides  of  the  valley  (Fig.  24).  At  the 
base  of  these  cliflfs,  however,  the  beds  are  covered  by  talus,  and 
the  upper  slopes  are  commonly  overgrown  with  vegetation.  At 
Point  Ann,  just  below  McGregor,  there  is  a  good  section  in  the 
face  of  the  bluff,  where  at  least  100  feet  of  this  limestone  are 
exposed. 


Fi^.    24— Cliffs  of  Oneota  limestone  on  Bloody   Run  two   miles  west  of j  North 
McGreiror. 

This  formation  appears  at  the  surface  only  along  the  valley 
of  the  Mississippi  and  its  tributaries  and  therefore  does  not 
cover  a  large  area  within  the  county.  It  disappears  below  the 
level  of  the  river  near  the  northern  limits  of  Guttenburg.  At 
McGregor  the  dolomite  rises  255  feet  above  low  water  in  the 
Mississippi  and  at  Clayton  ninety  feet,  the  average  dip  of  the 
strata  between  these  points  being  nearly  eighteen  feet  to  the 
mile.  Perhaps  the  best  exposures  of  this  rock  to  be  found  in  the 
area  are  in  the  numerous  railroad  cuts  of  the  Chicago.  Milwau- 
kee and  Saint  Paul  railroad  in  the  valley  of  Bloody  Rim.  The 
beds  from  top  to  bottom  are  well  shown  in  these  cuts  between 
North  McGregor  and  Giard.     They  are  also  exhibited  in  the 
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numerous  ravines  about  McGregor,  the  lower  quarry  beds  being 
well  shown  in  the  abandoned  quarry  near  the  park,  and  along 
Sny  Magill  creek.  The  excellent  outcrops  of  the  upper  strata 
at  the  Clayton  sand  pit  have  already  been  described. 

Fossils  are  extremely  rare  in  this  formation,  and  none  were 
found  during  the  course  of  the  field  work,  although  search  was 
made  for  them.  They  have  been  found,  however,  by  Mr.  F.  H. 
Luthe,  formerly  of  McGregor,  in  the  bands  and  masses  of  chert 
which  occur  in  the  upper  half  of  the  Lower  Magnesian.  Mr. 
Lnthe's  collection  was  studied  and  described  by  Calvin*  who 
found  the  following  forms :  Metoptoma  alta  Whf .,  Straparollus 
claytonensis  Calvin,  8.  pristininiformis  Calvin,  Raphistoma 
pepinense  Meek,  iJ.  mvltivolvatum  Calvin,  R,  paucivolvatum 
Calvin,  Eolopea  turgida  Hall,  Orthoceras  primigenium  Van- 
uxem,  and  Cyrtoceras  luthei  Calvin.  These  were  all  collected 
from  the  formation  in  Allamakee  and  Clayton  counties.    * 

The  large  laminated,  concretionary  masses  occurring  in  the 
beds  of  the  upper  part  of  the  formation  have  already  been 
mentioned.  Their  resemblance  to  some  of  the  Stromatoporoids 
makes  it  possible  that  they  may  be  of  organic  origin.  N.  H. 
Winchell  has  described  somewhat  similar  but  smaller  masses 
from  the  same  horizon  in  Minnesota  and  has  referred  the  spec- 
imens to  the  genus  Cryptozoon  of  Hall.  But  it  has  not  yet 
been  established  that  these  structures  are  organic  and  they  may 
be  a  kind  of  concretion. 

It  has  been  shown  both  on  stratigraphical  and  paleontological 
evidence  that  the  Lower  Magnesian  limestone  is  the  equivalent 
of  the  Calciferous  sandstone  of  New  York.  The  fossils  of  the 
two  areas  are  either  identical  or  resemble  each  other  closely  and 
show  that  the  formation  in  which  they  occur  belongs  to  the 
Ordovieian  system. 

SAINT  PETER  SANDSTONE. 

^  Overlying  the  Oneota  limestone  and  resting  conformably 
upon  it  is  the  Saint  Peter  sandstone.  This  is  a  very  pure  and 
rather  coarse-grained  sand  rock  composed  of  more  or  less  well 
rounded  grains  of  clear  quartz.     The  particles  of  sand  are 

*BuU  from.  Lab.  Nat.  Hist  ,  of  State  Univ.  of  lowa^  Vol.  II,  No.  2,  pp.  189198  and 
Am  Geol   Vol   X.  pp.  144-lH. 
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commonly  very  loosely  held  together  and  in  many  places  the 
formation  is  little  more  than  an  incoherent  bed  of  sand.  With 
an  increase  of  cementing  material  the  rock  becomes  less  friable 
and  passes  occasionally  into  ([uite  a  hard  sandstone.  At  the 
sand  pit  below  Clayton  the  material  is  so  incoherent  that  large 
fragments  are  readily  broken  up  with  a  })ick.  and  the  smaller 
pieces  are  disintegrated  by  tui-ning  upon  tlKMu  a  stream  of 
water  from  a  hose. 

At  a  few  points  the  Saint  Peter  san<lstone  hns  sufficie?it 
coherence  to  be  used  for  building  stone,  as  near  (lUltenberu* 
where  the  rock  has  been  ((uarried  on  a  small  scale  for  this  [)ur- 
poho.  The  sandstone  has  a  wide  range  of  (^olors,  varying  from 
the  more  common  white  or  light  gray  through  many  shades  of 
yellows,  red,  chocolate  brown,  etc.  The  coloring  is  due  to  snuill 
amounts  of  iron  oxide  which  is  depositiMl  around  and  Ix^tweiMi 
the  sand  grains  by  percolating  waters,  the  iron  l)eing  derived 
from  the  overlying  Trenton  limestone.  The  colors  are  not  dis- 
tributed uniformly  through  the  rock:  sometimes  they  are 
arranged  in  alternating  layers  or  stripes,  giving  the  nx-k  a 
banded  appearance;  sometimes  they  are  in  blotches  or  j»at<*lies 
of  various  shapes  and  size>.  Tlu^  tints  of  the  Saint  FN'ter  are 
as  a  rule  brighter  than  those  of  the  Saint  (^roix. 

As  shown  by  the  following  analysis  the  Saint  TcttM-  i-  a  very 
pure  sand  rock  containing  almost  nin(»ty-nine  i)er  cent  of  silica. 
The  sample  analyzed  was  from  the  sand  pit  at  Clayton  and  the 
sand  had  been  washed  while  being  carried  along  the  trough 
from  the  pit  to  the  tank  at  the  railroad.  This  washing  has 
doubtless  removed  n  portion  of  the  more  soluble  impurities. 

ANALYSIS  OP  SAINT  PETER  SANDSTONE 

Silica,  (Si  OJ JS  c*4 

Alumina  ( Aij  0. )  and  feiii^.  uxide  i  Kt- .  0  ) .60 

Calcium  oxide  (Ca  0) 33 

Magnesium  oxide  ( Mg  0)    14 

J.    B.    \Ve!?ms,  Analyst. 

In  Clayton  county  the  Saint  Peter  ranges  in  thickne>s  from 
foi'ty  to  eighty-five  feet,  with  an  average  of  probably  sixty  feet. 
At  McGregor  it  is  fifty  feet  thick;  several  miles  to  the  nortli- 
west  along  Bloody  Run,  it  shows  a  thickness  of  seventy  fec^t  and 
at  the  Clayton  sand  pit  it  is  eighty-five  feet. 
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The  Saint  Petor  sandstone  appears  at  the  surface  only  in  the 
bluffs  of  the  Mississippi  and  along  tho  valleys  of  Bloody  Run, 
Sny  Magill  and  Buok  creeks  and  the  ravines  about  McGregor 
and  Clayton.  Elsewhere  it  is  covered  l)y  the  Galena-Trenton 
and  overlying  formations. 

Tlio  sandstone  outcrops  as  a  comparatively  narrow  belt  along 
th(»  valley  sides,  the  area  of  the  exposed  surface  varying  with 
the  steepness  of  the  hillside,  the  widest  outcro]>  occurring  on  the 
mor.'  gradual  slop(^  where  it  has  consideral)le  lateral  as  well  as 
vertical  extent.  The  areal  distribution  is  didicult  to  represent 
on  a  siiiall  scale  nr.ip  since  th?  wiclth  of  th(»  belt  horizontally  is 
eoniparatively  insigniiicant  and  is  iKM.'cssarily  soMiewhat  exagi»'er- 
atcjl.  At  iMc(irei;or  the  base  of  the  Saint  iVtei'  lies  255  feet 
above  the  I'iver  and  the  sandsto]H*  is  found  therefore  well  up 
towar  1  the  top  of  tlu»  hil!.  ides.  It  occurs  jn^t  below  the  l)ottom 
of  r>()yle's  quan-y  and  out(  rops  for  >^onie  ili-ia-Kv'  alon;*-  ihc  road 
l(\adiM'r  west  through  Wet  AicCIreuor.  This  sand  rock  is  not 
fount  in  Point  Ann  or  ^'Th''  Hei'^hts"  above  McGregor,  these 
])oiiits  of  th'.'  Mississij^pi  bluffs  not  extending'  u[)  to  the  horizon 
of  this  for-nat'on.  The  Saint  JN^ter  sandstone  overlying  the* 
Shakopee  <!iv'sion  of  the  Lower  Mat>'nesian  li.ne.-tone  is  occasion- 
?illv  confused  with  th(^  Saint  Croix  sandstone  lying  l)elow  the 
( >iieot »  of  M<(i(M%  and  the  two  have  been  con^idtM-ed  as  one 
fornrdion.  Ibit  a  brief  study  of  any  of  the  hillsides  about 
McGregor  will  show  that  the  two  samlstones  are  separated  by 
nearly  200  feet  of  dolomite.  At  Clayton  the  Saint  Peter  has 
descended  to  ninety  feet  al)ove  the  Mississi)»pi  and  at  Gutten- 
berg  it  disappears  below  water  level  near  the  s(uith  end  of  town. 
The  sandstone  extends  up  Bloody  Run  foi'  a  <listan(*e  of  five 
miles  and  at  the  school  house  near  Giard  Station  it  forms  a 
vertical  cliff  thirty  or  forty  feet  high.  The  rock  apj^ears  at 
many  points  in  the  bluffs  along  the  Mississippi,  particularly  in 
the  vicinity  of  Clayton  and  between  there  and  (}utten!)erg.  One 
of  the  best  places  to  see  this  brightly  colored  sandstone  is  at  the 
well  known  ** Pictured  Rocks"  two  miles  below  McGregor  and 
opposite  the  mouth  of  the  Wisconsin  (Fig.  25).  At  this  point  a 
wooded  gorge  extends  back  from  the  river  and  along  the  sides 
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and  bottom  of  this  the  many  tinted  sands  are  finely  exhibited. 
The  cool,  shady  glen,  carved  in  the  sandstone,  with  its  clear 
tumbling  brook,  is  a  favorite  spot  for  picnics,  and  is  yearly 
visited  by  great  numbers  of  people,  who  seldom  fail  to  climb 
Pikes  Peak,  near  at  hand,  and  look  upon  the  picture  spread  out 
before  them  from  that  elevated  point.  Reference  has  been  made 
on  a  previous  page  to  the  view  from  here. 


Fiff.  25  -Oiiff  of  Sainc  Peter  sandstone  at  "Pictured  Rocks • 


Another  excellent  exposure  of  the  Saint  Peter  is  found  at  the 
sand  pit  just  below  Clayton  where  in  a  ravine  opening  into  the 
main  valley  the  sandstone  has  been  quarried  for  many  years. 
In  the  face  of  the  pit  a  vertical  section  of  over  forty  feet  is 
exposed  (Fig.  26),  the  sand  here  being  white  and  quite  free  from 
all  coloring  matter. 
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This  sandstone  aflPorded  no  traces  of  organic  remains  and  fos- 
sils are  seldom  found  in  the  formation.  Those  listed  by 
Sardeson*  from  the  Saint  Peter  near  Minneapolis  are  similar 
to  the  fossils  of  the  Trenton  and  indicate  that  the  sandstone  is 
to  be  correlated  with  the  Chazy  of  New  York. 


FifiT.  26  -  Sand  pit  in  Saint  Peter  sandstone,  Clayton,  Iowa. 

A  discussion  of  the  life  of  the  Saint  Peter  sandstone  is  con- 
tained in  the  Allamakee  county  reportf  to  wliich  the  reader  is 
referred. 

TRENTON  AND  GALENA  LIMESTONES. 

(THE  GALENA  AND  PLATTEViLLE  OF  BAIN.  SEE  REPORT  ON 
WINNESHIEK  COUNTY.) 

The  Trenton  Limestone. — At  the  top  of  the  Saint  Peter  sand- 
stone there  is  an  abrupt  change  in  the  character  of  the  rock  and 
the  Trenton  limestone  of  most  writers  on  the  geology  of  the 
Mississippi  valley,  succeeds  the  sand  formation  without  any 
intermediate  transition  beds.    The  line  of  contact  between  the 


•Bull.  Minn.  Acad,  of  Set..  Vol.  III.  p.  818. 
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two  is  sharply  marked  and  forms  a  very  definite  horizon.  Ever 
since  the  name  was  first  used  by  Jlall  in  185.^  the  Trenton  has 
been  applied  to  the  non-dolomitic  and  rather  thin-bedded  lime- 
stones overlying  tiie  Saint  I\*ter.  It  has  also  b(^en  en^^toiaary  to 
apply  the  term  (ialena  to  the  heavy  <h»U>miti(*  ))('(!>  occurriiit* 
jnst  above  and  to  consider  the  (iah-na  and  Tr«']it():i  as  two 
separate  formations.  Bnt  it  was  pointed  out  by  N.  II.  Wincliell* 
in  1895  that  tlnM-f  is  a  clos(»  relation  between  the  Tre.ilon  and 
(Jalena  as  shown  l>y  a  stnd\'  of  their  fossils  and  that  tlr*  latter 
is  only  a  phase  of  the  former.  Much  the  same  view  was 
(v\j^ress:(l  by  Xortoni  two  ymr-  later,  and  he  >ngii:ested  that 
the  beds  d'.v-i'^-naled  as  (Jaie  i;.  [ind  Trenton  belong  to  a  single 
foi'mati' T-  tn  wliieh  th-  ;i:'.me  (Jalena-Trentoii  wa>  -iven. 
A])nM(la"  t  «MO(tf  of  tlr*  fart  ilial  we  ar(-  dealing  hei'i-  with  oiily 
one  forma ''o  i  u'h.cli  lia>  b«'en  nmrr  d(»|(Hi!!tized  at  >«Miie  [K)!Mts 
than  '»l!M'r>  \va>  fou  id  b>  ('al\in  and  r»ain  in  l)nbn<iU(»  eoinity 
aad  fw:'  all  e\liaa>ti\'.'  i!i--.  -i-^'n'!  «'l"  th^'  r.  !  'li«'i  e\i>iiau  l).'tw«\':i 
tlie  Tr-nlo'!  and  (ial-  na  ilii'  reader  1-  i;'l  <rr«tl  |».  \\\  ■  i\'p  )\'\  nu 
tl.at  '-'ii  !;yf.  'I'lie  writei"  j'nnnd  i.i  «  ja>l<»;i  rnuntx'  ivmeh  addi- 
tional !'V;d.':iev'  of  liii'  \v\iU'  \ai-iatio]i  i;i  the  ;ir-i<'nrit  (»f  dol«»miti- 
zation  wir<h  h;>  taken  j»::.«-e  in  the-e  strata. 

The  n  »  i-tloiomitic  TrtMitoii  \'arie>  in  tlii(d\ne>s  from  eigiity 
tn  Mh)  ;c  r  wilh^  !  a  distance  of  fi^irte^ai  milo  or  les^,  and  in 
some  par;>  of  llie  (cnntx  no  portinii  n\'  the  (lale]ia-Trent(»,i  has 
undergone  dolom:!  zatioe.,  the  (lalciia  di^lom'.tc  ap[)ai'ently  beinu 
absent.  At  a  nnml)i'r  of  jioiars  tie-  upp.'r  twent\ -five  to  s,'\ca:\  - 
fivc^  feet  of  t'a  formation  are  coni})o>i  d  of  pnr  ■.  thin  bedded,  non- 
magnesian  :inie>t(nie  aiul  if  an\  (»f  the  >trata  have  Ik'cmi  changed 
to  dolomite  they  lie  a  considerable  distance  below  the 
^faqnok^ta. 

At  Clayton,  and  at  IMkes  Peak,  opposite  the  mouth  of  the 
AVisconsin  rivei-,  th"  non-dolomitic  Trenton  is  oidy  eighty  feet 
thick,  while  at  KIkader  the  thickness  is  Ibo  teet  as  sliown  i)y 
wells.  The  dolomitic  Galena  beds  appear  to  be  nearly,  if  not 
wholly,  absent  in  AVagner  and  Marion  townships  and  the  upi>er 

♦Am.  Geol  ,  Vol.  XV.  p  :^,  Minneapolis,  1896 
tlowaOeol    Surv  ,  Vol   VI,  p   146,  Des  Moines.  1896 
tlowa  Geol    Surv  ,  V^ol    X.  pp   402  431,  Des  Moines.  1900 
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I)ortion  of  the  Galona-Tn^nton  foriuation  is  representod  by 
rather  thin-bedded,  iioii-magnesiaii  limestones.  Tliese  are  well 
exhibited  along  liobert  and  Silver  creeks  in  Wagner  township 
and  in  the  qnarries  in  the  vicinity  of  St.  Olaf. 

Tn  section  14  of  Wagiu^r  township  non-magnesian  stratii  have 
an  exposed  thickness  of  sevenly-live  feet  nnd  an^  seen  to  be  over- 
lain by  the  Alaqnoketa  shales,  lictwecn  six  and  seven  mik^s  to 
the  sonth  nnd  at  the  same  hoi'izon  the  doloniiiic  beds  ai-e  fonnd 
at  Klkader.  with  a  thickness  of  nt  least  120  feet.  At  \'ol.i»a  the 
sti-ata  lying  inimiMliatdy  i)oneath  tlie  Maqnoketa  are  noii 
dolomitic,  and  ahmg  tlie  ■rui'key  i-iver  in  Mai-ion  lownshij) 
siniihn*  beds  are  expo.-ed  at  many  poiiil^  in  tlie  s:nne  position. 
A)  ()sl)()rne.  nnly  a  litMe  over  t'cnr  ini!''^  e;i>1  of  X'ol.u'a,  (^ii»'hty 
fr"t  <»r  heavily-be<l(le(l  doloniiie  iwt*  r\])ns(.|  ju^t  Ix'low  tin* 
^lial<  s  of  tlie  M;i«|noketa. 

!l  is  o\;dent  from  ihe.x*  fael-  l!i;it  we  avv  concerned  here  with 
oiiiy  (»ne  formation  and  that  tiio  ( ia!(*'ri  is  >".mp!y  the  dolomitized 
I»li  ]<r  r,i'  til-  'I'lNMiton  limestoiH'.  The  ch:ni.ue  in  the  cliaivieti'i*  of 
rorj- li.'i>'gone  on  nneonall\  exri- the  :'.rea.  Im  -(.me  ])laees  litth' or 
none  «)f  tln'  limestone  lying  bet\v(  <mi  tli<*  Snlnl  Pete]*  and  Mi'ono 
keta  \\-)<  nndt'ruo.Mi'doloniili/.alion,  while  at  others  .the  dolomite 
ha>  a  t!re'.<n  <s  o\'  from  I'M)  |o  iMiO  feet.  The  ehanue  nsnallx  be- 
gin- ;.il  the  to])  and  pro.ui'es<es  downward  to  a  greater  or  les>> 
depth.  I)nt  sometimes  dolomitic  limcvstones  ai'e  fonnd  interstrat- 
itied  \N  ith  the  pni'e.  nnalteixMl  limestoiies.  'Hi\\>  in  the  sonthwivst 
qnai'ter  of  section  !K  \^>lga  township,  alonu  the  Tnrki^y  riv(»r.  sev- 
eral ledi»es  of  dolomite  oecnr  beneath  six  to  eight  feet  of  typical, 
thin-bedd(Ml,  comi>!ict  an<l  fossil  if  erons  mialtered  limestone. 
Above  the  latter  tin*  dolomitic  (jaUnia  is  seen  in  heavy  beds.  At 
this  point  tin*  doloniitization  did  not  affect  all  the  IxmIs  bnt  for 
some  reason  j massed  ov(»r  several  of  them  and  attacked  those  bil- 
low. In  the  lower  i)art  of  the  section  exposed  at  the  large  springs 
in  tin*  northwest  (jiiart(»r  of  section  30,  Read  townshij),  there  are 
twenty  feet  of  mottled,  niagnesian  limestone  in  layers  three  to 
twelve  inch(»s  thick.  Lying  above  these  are  pnre  and  nnchanged 
beds  having  a  thicknc^ss  of  tifty  to  seventy-tiv(^  feet  and  overlain 
by  typical  (lalea:!  dolo:n:te. 
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These  examples  illustrate  in  what  an  irregular  manner  the 
Trenton  formation  has  been  dolomitized  and  emphasize  the  fact 
that  the  Galena  is  simply  a  lithological  phase  of  that  formation 
and  is  not  stratigraphically  distinct. 

Occasionally  the  change  appears  to  take  place  first  along  bed- 
ding planes  and  joints.  A  bed  two  inches  thick  was  observed 
which  had  been  partially  altered  to  magnesian  limestone  on  the 
upper  and  lower  surfaces  while  the  inner  portion  was  unaf- 
fected. In  other  cases  the  alteration  had  commenced  in  that 
portion  of  the  rock  immediately  surrounding  the  fossils,  an 
Orthoceras,  for  example,  being  encircled  with  a  ring  of  magnes- 
ian limestone.  In  the  instances  just  mentioned  it  seems  probable 
that  the  dolomitization  has  been  initiated  where  the  percolating 
waters  bearing  the  magnesium  salt  most  easily  had  access,  as 
along  bedding  planes  and  joints,  (-ommonly,  however,  the 
magnesian  portions  are  scattered  irregularly  through  the  rock, 
giving  it  a  blotched  or  mottled  appearance.  The  unchanged 
limestone  is  a  light  gray  color,  very  compact  and  often  quite  fos- 
siliferous  while  the  magnesian  patches  are  buflf  colored,  con- 
tain eighteen  per  cent  or  more  of  magnesium  carbonate  and  the 
fossils  have  been  obliterated.  These  partially  dolomitized  beds 
were  seen  at  many  points  in  the  county  and  always  lay  between 
the  pure  limestone  usually  called  Trenton  and  the  Galena  dolo- 
mite. Barely  are  they  separated  from  the  typical  heavily  bedded 
dolomite  by  non-magnesian  strata,  as  was  the  case,  already 
mentioned,  in  the  Dry  Mill  creek  section. 

Though  it  will  be  convenient  for  the  purposes  of  description 
to  treat  the  Trenton  and  Galena  separately,  applying  the  former 
term  to  the  pure,  thin-bedded  limestones  and  shales  and  the 
latter  to  the  dolomitized  beds,  it  should  be  borne  in  mind  that 
they  are  parts  of  one  formation.  It  was  found  impracticable  to 
map  them  separately  on  account  of  the  irregular  way  in  which 
the  Galena  dolomite  occurs  and  its  absence  from  some  areas  of 
the  Trenton.  On  the  geological  map  accompanying  this  report 
they  are  therefore  represented  by  the  same  color  and  are  desig- 
nated as  the  Galena-Trenton. 


TRENTON  AND  GALENA  LIMESTONES. 


261 


Lithological  Character  and  Subdivisions  of  the  Trenton. — 
The  Trenton  formation  varies  widely  in  character  in  different 
parts  of  the  area.  It  is  composed  of  limestones  and  calcareous 
shales  and  clays,  the  first  named  forming  by  far  the  larger  part 
of  the  strata  in  this  region.  The  limestones  are  mostly  very 
fine-grained  and  compact,  occurring  in  rather  thin  beds  of 
uneven  thickness,  blue,  gray  or  buff  in  color,  and  frequently  rich 
in  fossils. 

At  the  base  of  the  Trenton  and  resting  immediately  upon  the 
Saint  Peter  sandstone  are  the  Basal  Shales  of  the  Allamakee 
county  report  with  a  thickness  of  two  or  three  feet.  These  are 
exposed  at  McGregor,  Clayton  and  just  abovo  Guttenbery,  where 


FifiT.  27— Lower  Buff   Bedd  (A)  overlain  by  thin  bedded  limestone  (B)  near  Quttenberff. 
Platteville  stasre 

the  contact  of  the  two  formations  is  well  exposed.  Overlying 
the  basal  shales  are  from  fifteen  to  twenty-five  feet  of  magnesian 
limestone  in  beds  eight  inches  to  two  or  three  feet  thick,  weather- 
ing to  buff.  These  are  the  Lower  Buff  Beds  of  the  Wisconsin 
geologists,  and  they  seem  to  occur  (juite  uniformly  at  the  base 
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of  the  Trenton  in  Iowa,  Wisconsin,  Illinois  and  Minnesota.  This 
compact  magnesian  limestone  breaks  readily  into  layers  of 
almost  any  desired  thickness  and  makes  a  very  good  bnilding 
stone.  In  t'i'S"  I) '^Is  ai\*  locati'd  the  qnarrie^s  at  rinttenl)(*rg 
(Fic;-.  27)  and  McfJregoi-.  These  are  snccecMled  hy  thin-b.  :ld»'d, 
ver\'  fin. •-grained  p.:bl  eompact  rossiliiVrons  limestoiii'  in  nneven 
lay<'rs  one  to  two  inches  thick.  Th(^  rock  is  britth*,  n.Miilly 
brealv^  with  a  coiichoidal  fractnre  and  is  light  gray  and  bine. 
SoiM"t*7n'»<  th(^  b'"ls  nrr'  <e])a rated  by  mai'iy  }>ai*tings  one  <>r  tw<> 


Fi«-    ^?     1  hill  Decided  Platleville  limestone  exposed  on  Dry   MiH  Creek,  section  19, 
Read.lownship 

inches  thick.  The  irregnlarity  in  the  thickness  ol*  the  limestone 
layers  is  cansed  by  the  nndnlating  bedding  planes.  Vertical  or 
jiearly  vertical  joints  are  frequently  present  and  the  thin- 
bedde  1  character  of  the  rock  is  especially  well  brought  out  by 
weathering.  The  thickness  of  this  member  of  the  Trenton  varies 
greatly  and  in  some  i)laces  it  makes  up  tlu'  main  bulk  of  the 
formation  above  the  liower  l>utf  Beds.    The  su(*cession  of  strata 
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al)c)ve  the  latter  subdmsion  is  not  at  all  constant,  but  at  least 
from  twenty-five  to  thirty-five  feet  of  the  compact  and  thin 
bedded  limestone  is  commonly  present.  Above  this  is  frequently 
found  a  green  shale  five  to  six  feet  in  thickness  and  lying  about 
fifty  feot  above  the  Saint  Peter  sandstone.  This  is,  in  part  al 
least,  the  equivalent  of  the  ''Green  Shales''  of  the  Minnesota 
geologists,  though  the  formation  seems  to  ])e  much  thinner  here 
than  farther  north.  The  shale  is  often  quite  calcareous  and 
contains  lenses  and  bands  of  limestone  rich  in  fossils.  The  most 
commo:i  species  is  OrtJiU  subaeqnata,  wliich  is  characteristic  of 
the  (Ireen  Shales  of  Minnesota  and  Dubuque  county.  Associated 
with  this  are  branching  monticuliporoids.  This  argillacciuus 
member  is  well  exposed  in  the  ravines  about  Mc6r(\gor,  at  ( -lay- 
ton,  and  one-(iuarter  of  a  mile  abov(^  Buena  Vista,  but  it  does 
not  seem  to  be  at  all  i)ersistent,  since  it  is  absent  in  many  sec- 
tions. Thtis  at  Cinttenberg,  where  the  entire  thickness  of  the 
Trenton  beds  is  present  in  the  bluff,  the  shale  does  not  appear, 
although  the  outcrop  is  almost  continuotis  from  toj)  to  bottom. 
Again,  at  Millville,  live  to  six  miles  south  of  lien^,  where  nearly 
llIO  feet  of  the  thin-bedded  Trenton  limestone  is  exposed,  no 
shale  member  is  present.  This  serves  to  illustrate  the  variaThMi 
in  the  character  of  this  fornnition  and  the  occurrenee  of  >^trata 
in  one  locality  which  are  absent  from  another. 

The  shale  is  succcnnled  by  limestone  in  thin  beds,  compact, 
line-gi-ained  and  fossil  if  erous  with  a  thickness  of  twenty-five  to 
forty  feet  or  more,  and  resembling  that  found  In^ow  the  argil- 
laceous member.  AVhen  the  shale  is  wanting  there  is  a  succes- 
sion of  these  limestone  strata  in  IkmIs  one*  to  six  inches  thick 
extending  without  interruption  from  the  Lower  l>nff  Beds  to 
the  (lalena  dolomite  and  even  to  the  Maipioketa  where  doio- 
mitization  has  not  affected  them.  Mention  has  already  bpen 
made  of  the  fact  that  in  AVagner  and  Marion  townshii)s  these 
non-magnesian  limestones  extend  up  to  the  Mafjtioketa  shale 
and  compose  nearly  the  entire  Galena-Trenton  formation. 

The  upper  beds  of  the  Trenton,  overlain  by  the  (Jalena,  are 
well  exposed  at  McGregor,  Clayton,  Guttenberg,  Buena  Vista. 
Millville,  Elkader  and  near  the  mouth  of  Dry  Mill  creek.  At 
Clayton   they  have   a   thickness   of   only   twenty-five   feet,    at 
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McGregor  of  forty  feet,  and  at  Elkader  they  rise  seventy-five 
feet  above  the  Turkey  river  below  the  dam.  At  the  latter  place 
they  form  the  ledges  outcropping  just  above  the  stone  bridge 
and  in  the  old  quarry  near  the  creamery.  This  limestone  of  the 
upper  Trenton  is  also  well  exposed  along  the  small  creek  about 
one  mile  southwest  of  Elkader,  where  the  beds  contain  abundant 
fossils. 

From  this  locality  the  following  species  were  collected  in 
strata  lying  from  ten  to  fifteen  feet  below  the  Galena  dolomite 
and  about  120  feet  below  the  Maquoketa. 

Rafinesquina  minnesotensis  N.  H.  Winchell. 

Rafinesquina  alternata  Conrad. 

Hormotoma  trentonensis  Ulrich. 

Liospira  vitruvia  Billings  =Pieuroiomaria  lenticularis  or  Raphisioma 

Unticulare  of  authors. 
Orthis  (Platystrophia)  biforata. 
Isotelus  gigas  DeKay. 
Pusispira  elongata  H . 
Calymene  sp. 
Illaenus  americanus. 
Irochonema  umbilicata, 
Clionychia  lameliosa  Hall  {^Ambonychia), 
Fusispira  inflaia  Meek  &  Worthen . 
F,  angusta  Ulrich. 
Oncoceras  pandion  Hall. 
Orthoceras  sp. 
Ischadites  iowensis  Owen. 
Cyrtodonla  gratidis  Ulrich  (?) 
Parastrophta  schodeldi  Ulrich. 
Anastrophia  hemiplicata  Hall. 
Lophospira  bicincta  Hall. 
Bccyliopterus  ip. 
Monticuliporoids  (branching). 
Bellerophon  sp. 

Ischaditis  iowensis  is  abundant  at  this  locality  and  is  confined 
to  a  layer  two  to  three  inches  thick,  in  which  large  numbers  are 
packed  closely  together.  Rafinesquina  alternata  was  observed 
at  many  localities  and  always  near  the  top  of  the  Trenton,  only 
a  few  feet  below  the  Galena  dolomite.  Rafinesquina  minne- 
sotensis, Hormotoma  trentonenis  and  Liospira  vitruvia  were 
also  found  at  several  other  localities  in  the  same  upper  strata 
of  the  Trenton. 
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At  the  same  horizon  occur  Orthis  testudinaria  Dalman,  Lio- 
spira  lenticularis  Sowerby,  Strophomena  rugosa  Baf.,  Hormo- 
ioma  salteri  Ulrich  and  Lingula  iowensis  Owen.  Orthis  testudi- 
naria is  also  found  near  the  top  of  the  Galena-Trenton  forma- 
tion, just  under  the  Maquoketa. 

At  the  top  of  the  Galena-Trenton,  immediately  below  the 
Maquoketa  shales,  and  at  the  horizon  elsewhere  occupied  by 
the  Galena  dolomite,  there  are  at  some  points  dull  gray,  crin- 
oidal  limestones  together  with  nodular  or  concretionary  beds. 
These  are  described  more  in  detail  in  the  sections  on  succeeding 
pages.  They  are  well  exposed  near  Volga,  on  the  Volga  river ; 
on  the  Turkey  river  in  section  19  of  Marion  township,  near  the 
Fayette  county  line ;  on  Robert  creek  and  its  tributaries  in  sec- 
tions 9,  14  and  16  of  Wagner  township;  in  the  vicinity  of  St. 
Olaf  and  elsewhere.  Some  of  these  strata  contain  Lingula 
iowensis. 

The  general  character  of  the  Trenton  is  shown  in  the  follow- 
ing sections.  The  first  is  foimd  in  the  ravine  back  of  the  town 
of  Clayton. 

FBBT. 

8 .     Green  shale  at  « he  top  of  the  TrentoD 2-3 

7      Limestone,  similar  to  No.  5 8 

6       Bluish  ^reen  shale   2 

5.  Limestone  in  regular  beds  four  to  eight  inches  thick,  very  fine-grained 
and  compact,  blue  and  buff  in  color.    Occurs  in  thicker  layers  than 

No.  3  15 

4.  Green  calcareous  shales  containing  lenses  and  b mds  of  limestone  rich  in 
fossils.      Among  the   most   common   are   Orthis  subaquata  and 

branching  Afonticuliporoids 5 

3.  Limestone,  thin-bedded  and  compact,  with  marly  layers  one  to  two  inches 
thick  separating  many  of  the  beds.  Latter  are  irregular  in  thick- 
ness and  range  from  one  to  three  inches.  The  marly  partings  do 
not  always  appear  on  fresh  joint    faces  but  stand  out  on  weathered 

surfaces 25 

2  Limestone,  dolomitic,  compact,  blue  when  fresh  but  weathering  to  buff 
on  exposure,  in  even  beds  eight  inches  to  two  feet  thick,  contains 
few  or  no  fossils.     The  quarry  beds  at  Guttenberg  and  McGregor 

and  the  '  *Lower  Buff  Beds"  of  some  writters 25 

I .     Green  shale  imnediately  overlying:  the  Saint  Peter  sandstone 2 

No.  1  represents  the  ** Basal  shale''  of  the  reports  on 
Allamakee  and  Dubuque  counties ;  the  rest  of  the  section  belongs 
to  the  Platteville  formation  as  defined  by  Bain  No's.  2  and  3 
are  the  ** Platteville  limestone,"  and  No's.  4-8  represent  the 
Decorah  shale  of  Winneshiek  county,  the  entire  thickness  of  the 
Trenton  at  this  locality  is  eighty-five  feet. 
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A  complete  section  of  the  formations  exposed  i\{  i  'Ia\  loii  i<  a> 
follows : 

Fkkt 

4  Galena  dolomire  ^exposed) i50 

3.  Trenton  limestone  (The  Decorah  shales  and  Flatteville  limestone    of    the 

Winneshiek  couoty  report) .S5 

2.  St.  Peter  sandstone ...  S5 

1.  Lower  Magnesian  limestone,  exposed  above  l(»w  water  in   Mississippi.    .    .       yO 

Section  exposed  in  ravim^  near  McGregor,  in  the  northwest 
(jnarter  of  Section  33,  ]\lendon  township: 

Fkkt. 
6       Limestone,  fine  grained,  compact,  blue  and   gray    in    color,  very    fossili- 

ferous,  ill  layers  one  to  four  inches  thick   40 

5.     Green  calcareous  sriale  wih  limestone  bands  very  rich    in    fossils    amonjs' 

which  Of  this  subccquata  is  coram  )n •> 

4.  Fine-Drained  and  compact  limestone,  light  blue  to    butf    in   coi<»r.  not   so 

fois'l.ferous  as  No.  G ;U 

3.  Doloraitic  limestone  in  Udges  one  to  four  feet  thick,  blue  whtn  fresh    but 

weathering  lo  buff,  contains  some  fo-sils,  the  "Lower  Buff  Beds..lO--0 

2.  Basal  shale S 

1.     Saint  Peter  sandstone. 

Nnnihers  .'5  and  4  are  well  shown  in  Boyh^'s  quarry,  located 
well  uj)  on  the  side  of  one  of  the  ravines  al  Mc(rr<'ii:c)r  (Fii?.  --M. 

SECTION  OF  GALENA-TRENTON  AT  GUTTENBEKU. 

Fket 

5  Dolomitic  limestone  in  heavy  ledges    vehicular,  course,    huff   colored,  the 

typical  G;ilena-dt  l')mite 100 

4  Magi.esian  lime^^tone  in  bed<  two  and  three  irches  to  one  fo' t  thick, 
mottled  gray  and  buff,  only  par  iailv  dolomi  ized  and  containing 
sixteen  per  cent  nf  magnesium  carbonate;  part  of  the  rock  is  very 
fine-graiijed,  compai  t  and  gray  colored,  while  oth  r  p«  riions  are 
buff  and  have  a  rough,  coarser  feel.  Contain-  some  chert  in 
bands  and  scattered  nodules.  In  these. beds  are  locared  'he  quar- 
ries supplying  rock  for  the  limekiln?  at  the  base  of  the  blnff (JO 

3  Non-magnesian  limestone,  fine-grained,  compact,  in  thin  and  uneven 
bed-*,  gray  Low^-r  portion  not  well  exposed  on  the  ridge,  since 
it  is  partially  covered  with  talus  and  soil S5 

2  Uolomitic  limestone,  blue  when  fresh  but  weatherirg  to  buff,  beds  eivjht 
inches  to  two  feet  thick.  In  these  "Lower  Buff  Keds"  the  quar- 
ries are  ioc  ited 15 

1  Saint  Peter  sandstone,  not  exposed  here,  but  known  to  rise  ten  feet 
above  the  river . 

As  stated  on  a  i)revions  page  th(^  ni)per  portion  of  thi'  ualena- 
Trenton  is  not  dolomitic  in  some  parts  of  Clayton  county  and 
the  pure  non-nrii^nesian  limestones  of  the  Trenton  series  extend 
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up  to  the  Maquoketa  shale.    These  limestone  beds  outcrop  on 
Robert  creek,  in  the  northwest  quarter  of  section  14,  Wagner 


FifiT. 29— Quarry  in  Lower  Buff  Beds,  McGresror.  Thin-bedded  limestone?  is  seen  at  top. 

township,  where  they  rise  seventy-five  feet  above  the  creek  in  a 
steep  cliflf.  Near  this  cliff,  in  a  small  gully  washed  in  the  hill- 
side, the  following  section  is  exposed: 

Fbbt. 

6.     Maquoketa  shale. 

5.     NonmagoesiaD,  gray   limestone  in    beds   three   to   twelve  inches  thick; 

the  upper  layers,  lying  immedtately  beneath   the   Maquoketa,  are 

dull,  almost  earthy  in  appearance  20 

4.     Limestone,  gray,  in  thin,  flezuous  beds  one  to  three  inches  thick IS 

3.     Non-magnesian,  gray  liiuestone  in  layers  three  to  eight  inches  thick,  not 

well  exposed 25 

2.     Beds  containing  abundant  ReceptaculUes  oweni  and  lying  sixty  feet  below 

Maquoketa 1 

1 .     Gray  limestone  in  beds  three  to  eight  inches  thick 15 

In  sections  9  and  16  of  Wagner  township  the  Maquoketa 
shales  are  seen  resting  directly  upon  a  dull  gray,  crinoidal  lime- 
stone, compact  and  thin  bedded.  This  rock  is  well  exposed  at 
the  bridge  over  Robert  creek  in  the  north  half  of  section  16, 

17 
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Wagner  township,  where  the  limestone  rises  twenty-four  I'oet 
Bbove  the  stream  and  is  overlain  by  the  shales  of  the  Maquoketa. 
These  beds  represent  the  non-dolomitie  upper  portion  of  the 
Galena-Trenton.  The  Thoresen  quarry,  three  miles  east  of  the 
above  outcrop,  in  the  northwest  quarter  of  section  13,  Wagner 
township,  is  in  strata  lying  twenty-five  to  thirty-five  feet  below 
the  Maquoketa.  The  rock  is  a  blue  and  gray  limestone  occur- 
ring in  beds  two  to  fifteen  inches  thick,  separated  by  marly 
partings  from  one-half  to  two  inches  thick,  and  of  a  reddish 
color.    The  latter  contain  many  crinoid  stems  and  other  fossils. 

The  upper  beds  of  the  Galena-Trenton  are  exposed  in  an  old 
quarry  near  the  center  of  tlie  south  line  of  section  21,  Marion 
township,  whore  twelve  feet  of  non-magnesian,  gray,  compact 
limestone  appear  in  the  face.  The  lower  eight  feet  occur  in  lay- 
ers three  to  six  inches  thick,  separated  by  marly  partings,  whih* 
the  uppi»r  ledges  are  nodular.  These  same  beds  are  exposed 
Jilong  the  small  stream  entering  the  Turkey  river  in  the  south- 
east quarter  of  section  19,  Marion  township,  where  immediately 
below  the  Maquoketa  shale  there  are  ten  IVet  of  nodular  linu^ 
stone  of  brownish  color,  overlying  ten  feet  of  thin  and  unevenly 
bedded  gray  limestone. 

Distribution  and  Thickness. — The  typical  non-dolomitized 
limestone  wliich  has  heretofore,  n^gardless  of  its  stratigraphic 
position,  been  called  Trenton,  has  a  wide  distribution  in  Clay- 
ton county  in  the  stream  valleys.  It  is  found  along  the  Missis- 
sippi all  the  way  from  McGregor  to  the  southern  border  of  th(^ 
area,  being  especially  well  exposed  in  the  ravines  back  of 
McGregor  and  Clayton,  and  in  the  blutTs  at  Guttenberg.  It  out- 
crops in  the  valley  of  Turkey  river  throughout  its  course  in  the 
county  and  the  beds  are  well  shown  in  the  vicinity  of  Elkader 
and  on  Dry  Mill  creek.  They  are  also  found  at  many  points 
along  Robert  creek  in  Wagner  township. 

As  previously  stated  the  non-dolomitic  limestone  which 
authors  have  called  Trenton,  varies  widely  in  thickness  in  this 
region.  At  Clayton  it  is  eighty-five  feet  thick;  at  Pikes  Peak, 
opposite  the  mouth  of  the  Wisconsin  river,  eighty  feet;  at  Gut- 
tenberg and  McGregor  100  feet  and  at  Elkader,  where  it  rises 
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seventy-five  feet  above  the  r«cer  below  the  dam,  its  thickness  is 
shown  by  wells  to  be  165  feet.  Tfce^  total  thickness  of  the  entire 
Galena-Trenton  at  Elkader  is  285  feet. 

Galena  Limestone*. — As  previously  stated,  tiais  is  merely  the 
dolomitized  portion  of  the  Galena-Trenton,  or  Galcna-Platte- 
ville  as  the  total  assemblage  of  beds  may  hereafter  be  called, 
and  is  not  to  be  considered  a  separate  formation.  But  for  coi^- 
venience  in  discussion  the  dolomitic  and  non-dolomitic  portions 
of  the  formation  are  treated  separately.  The  change  is  usually 
not  an  abrupt  one  but  there  is  a  gradation  through  the  mottled 
transition  bods  already  described.  These  were  observed  in 
numerous  localities  where  the  base  of  the  Galena  dolomite  was 
exposed.  The  (luarries  in  the  ridge  back  of  Guttenberg,  which 
supply  rock  for  the  lime  kilns  below  them  are  in  these  transition 
beds,  which  here  have  a  thickness  of  fifty  to  sixty  feet.  The 
limestone  is  mottled  gray  and  buff  and  occurs  in  beds  two  or 
three  inches  to  one  foot  thick. 

An  analysis  of  this  rock+  shows  that  it  contains  80.81  per  cent 
of  carbonate  of  lime  and  16.11  per  cent  of  carbonate  of  mag- 
nesia. Above  these  mottled  limestone  beds  is  the  more  heavily 
bedded  and  true  Galena  dolomite,  which  extends  to  the  top  of 
the  ridge.  About  two  miles  east  of  Garnavillo,  at  the  old  Dehfn 
(juarry  on  Buck  creqjc,  the  same  beds  appear  and  have  been  quite 
extensively  quarried.  The  rock  is  in  ledges  two  to  six  inches 
thick  and  is  readily  separated  along  the  bedding  planes  into  thin 
slabs.  'Orthis  testudinaria  is  a  common  fossil  here.  The  lime- 
stone was  broken  into  small  fragments  and  the  gray,  compact 
portion  resembling  the  typical  Trenton  rock  separated  from  the 
buff  and  dolomite-like  portion.  Separate  analyses  were  then 
made  of  each,  and  the  one  was  found  to  contain  97.46  per  cent  of 
lime  carbonate  and  4.31  per  cent  of  magnesium  carbonate,  while 
the  other  contained  60.97  per  cent  of  lime  carbonate  and  18.28 

*In  this  report  as  stated  on  a  preceding  pasre,  the  nomenclature  of  the  report  on 
Dubuque  county  has  been  followed.  If  the  sufirsrestion  of  Bain  is  accepted,  the  Galena 
limestone  will  be  separated  stratitrraphically  from  the  beds  below  it.  The  name  will 
be  applied  to  all  beds  of  certain  horizons  without  resrard  to  litholocrical  characters. 
The  division  will  come  at  the  top  of  the  "Green  Shales*'  of  the  Minnesota  ireolofrists, 
at  the  top  of  the  '  Decorah  Shales"  of  the  report  on  Winneshiek  county,  published 
elsewhere  in  this  volume.  The  beds  below  the  line  of  division  above  indicated  con- 
stitute the  "Platteville  formation"  of  Bain. 

t Analysis  made  by  Prof.  J   B.  Weems  of  Iowa  State  Oollesre. 
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per  cent  of  magnesium  carbonate.  Overlying  this  thin-bedded 
rock  of  intermediate  composition  lies  200  feet  of  dolomitic 
Galena  of  the  Dubuque  county  type,  while  along  the  creek  below 
the  quarry  the  non-dolomitic  phase  appears. 

There  is  an  interesting  outcrop  of  the  mottled  beds  on  Dry 
Mill  creek  in  the  northwest  quarter  of  section  30,  Bead  township, 
where  100  feet  of  Galena-Trenton  strata  are  seen  forming  a  ver- 
tical cliff.  At  the  base  of  the  section  are  twenty  to  thirty  feet  of 
transition  strata.  In  these  the  unaltered  gray  limestone  forms 
the  bulk  of  the  rock  and  the  yellow  magnesian  patches  form  but 


Fif .  30— Beds  uf  Qalena  dolomite  at  Littleport,  on  Volsra  river. 

a  small  portion  of  the  mass.  The  beds  are  from  three  or  four,  to 
twelve  inches  thick.  In  the  limestone  portions  of  the  rock  the 
fossils  are  well  preserved,  but  in  the  dolomitized  parts  they 
have  been  obliterated.  Receptaculites  oweni  is  common  in  these 
mottled  beds,  having  been  observed  both  here  and  on  Miners 
creek.     Above  these  partially  dolomitized  strata  there  are  at  this 
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point  from  fifty  to  seventy-five  feet  of  unchanged  limestone, 
thin-bedded,  gray,  compact  and  fossiliferous.  The  following 
species  were  found:  Hormotoma  salteri  Ulrich,  Isotelus  sp., 
Liospira  lenticularis  Sowerby,  Liospira  vitruvia  Billings 
(Pleurotomaria  lenticularis) ^  Rafinesquina  minnesotensis,  and 
Rafinesquina  alternata  Conrad.  These  sttata  are  overlain  by 
typical  Galena  dolomite  in  ledges  one  or  two  feet  thick.  The 
mottled  transition  beds  usually  lie  immediately  below  the  dolo- 
mite, between  that  and  the  unaltered  beds,  and  it  rarely  happens 
that  any  thickness  of  unaltered  limestone  intervenes,  as  in  the 
above  section  on  Dry  Mill  creek. 


Fig.  81  -  Quarry  in  Qalena  dolomite,  Elkader. 

Throughout  a  large  part  of  the  county  the  upper  strata  of  the 
Galena-Trenton  are  formed  of  heavily  bedded  dolomite  in  every 
way  similar  to  that  comprising  the  Galena  around  Dubuque. 
The  rick  where  typically  exposed  is  crystalline,  rather  coarsely 
granular,  more  or  less  vesicular,  and  of  a  buff  color.  It  weath- 
ers very  irregularly,  which  gives  the  dolomite  its  characteristic 
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rough,  pitted  surface  when  long  exposod  (Fig.  30).  The  beds 
vary  in  thickness  from  six  inches  to  five  feet  and  more,  giving 
the  Galena  a  massive  appearance  in  striking  contrast  to  the  thin- 
bedded  non-dolomitic  limestone  below.  But  the  dolomite  varies 
considerably  in  character  at  different  horizons  throughout  its 
thickness,  as  is  shown  by  the  following  sections. 

The  Galena  is  well  exposed  at  Elkader,  where  it  has  been 
extensively  quarried.  In  Stoop's  quarry  (Fig.  31)  and  below  it 
to  the  river  the  following  section  is  exposed: 

FEBT. 

5.  Lig^ht  blua  dolomite, rather  compact  and  la  Icdg^es  six  inches 
to  two  feet  thick.  Some  of  the  upper  strata  are 
separated  by  thin  layers  of  reddish  fissile  shale 25 

4.  Light  gray  to  buff  doloxpite,  containing  many  small  cav- 
ities, ledges  varying  in  thickness  from  one  to  nve 
feet,  most  of  them  being  over  two  feet  thick 25 

3.  Dolomite,  buff,  weathers  irregularly,  forming  pitted  sur- 
faces ,  massive 70 

2.  Unexposed  35 

1.  Nonmagnesian    limestone  in  thin    beds,  compact,   fossili- 

ferous  contains  chert  nodules  'irranged  in  bands,  ex- 
posed to  river 25 

The  quarry  is  in  Nos.  4  and  o. 

The  strata  near  the  top  of  the  Galena  are  exposed  in  the 
(luarry  on  Hickory  creek,  one-half  mile  north  of  Luana.  The 
rock  is  here  light  blue  or  gray  in  color,  is  more  compact  and 
less  vesicular  and  granular  than  the  typical  dolomite.  It  occurs 
in  beds  varying  in  thickness  from  four  to  eighteen  inches. 

The  upper,  thin-bedded  part  of  the  Galena  is  exposod  along 
Cox  creek  in  the  southwest  quarter  of  section  1(3,  Cox  Creek 
township,  where  the  following  section  occurs. 

FEET. 

3.  Dolomite  in  even  ledges  six  to  twelve  inches  thick,  expostc) 

in  face  of  quarry 12 

2.  Unexposed 20 

1.       Heavily  bedded  Galena  d  '1  >mite  in  ledi^es  two  to  t«>ur  tee: 

thick,  exposed  to  creek 10 

The  Maquoketa  outcrops  on  th?  creek  one  mile  above  this 
quarry. 

As  shown  by  these  and  other  exposures  the  upper  portion  of 
the  Galena  is  composed  of  comparatively  thin  bedded  dolomite 
and  is  not  in  such  heavy  ledges  as  the  main  i)art  of  the  forma- 
tion. 
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Reference  has  already  been  made  to  the  absence  of  the  Galena 
dolomite  in  Marion  and  Wagner  townships  where  the  strata  for 
a  thickness  of  fifty  to  seventy-five  feet  below  the  Maquoketa  ar(^ 
formed  of  non-magnesian,  very  compact  and  thin-bedded  lime- 
stone. These  beds  lying  immediately  beneath  the  Maquoketa 
shales  are  also  well  exposed  in  section  11  of  Sperry  township, 
along  the  river  one  to  two  miles  below  Volga.  Near  the  east  line 
of  the  section  the  Galena  dolomite  is  seen  rising  about  twenty 
feet  above  the  Volga  river.  One-half  mile  west  of  here,  near  the 
railroad  bridge,  the  following  section  is  exposed  along  the  small 
stream  entering  the  river  from  the  sonth : 

PERT       INCHES. 

9  Typical  Maquoketa  shale,  blu^  when  fresh,  but  weath- 
ering to  yellow  or  buff;  breaks  with  conchoidal 
fracture 20 

8.  Dull,  gray  limestone  in  uneven  layers  three  tu  ei^^hc 
inches    thick 5 

7.       Ledges  of  gray   limestone  12-14 

6.  Nodular  or  concretionary  bed  similar  to  No.  4,  but  the 
marly  material  in  which  the  concretionary  masses 
are  inbedded  is  more  abundant.  The  marl  is  a 
chocolate    brown  color... 1 

5.       Gray  limestone  in  two  ledges  four  to  six    inches  thick; 

contains  abundant  crinoid  stems  and  other  fossiU. .         10-12 

4.  Bed  of  nodular  or  concretionary  limestone,  dull  and 
earthy,  red  to  brown  in  color.  Shows  wavy  lines 
due  to  laminae  bending  around  concretionary 
masses.  Contains  many  brachiopods  and  crinoid 
stems 8-10 

3.       Chocolate   brown  marl  in  undulating    layer   separating 

numbers  2  and  4 2 

2.  Bluish  gray  limestone  in  beds  four  to  six  inches  thick, 
with  some  marly  partings.  Contains  Lin^uia 
iowensis  Owen,  and  crinoid  stems;  also  minute  parti- 
cles of  iron   pyrites 5 

1.       Unexposed  to  river  but  must  be  larcfely  Galena  dolomite 

which  outcrops  less  than    one-half  mile  east  of  herelO 

Distribution, — The  dolomitie  phase  of  the  limestone,  here 
called  Galena,  is  found  not  only  along  the  stream  valleys  but 
underlies  a  considerable  area  of  the  uplands  along  the  northern 
and  eastern  border  of  the  county.  It  forms  the  bed  rock  over 
most  of  Giard,  Mendon  and  Clayton  townships  as  well  as  a  por- 
tion of  Garnavillo,  Monona  and  Grand  Meadow  townships.  It 
is  this  rock  which  forms  the  picturesque  cliffs,  towers  and  pin- 
nacles along  the  Turkey  and  Volga  rivers  and  their  tributaries 
and  along  Bloody  Run,  Sny  Magill  and  Miner  creeks.  The 
Galena  is  well  displayed  along  the  Volga  from  Osborne  to  Elk^ 
port  and  below.    At  Mederville  the  river  flows  through  a  narrow^ 
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rock  walled  gorge  of  dolomite  which  rises  ninety  feet  above  the 
river.  The  long,  high,  narrow  ridge  at  the  mouth  of  the  Turkey 
river  lying  between  the  valley  of  the  latter  stream  and  the 
Mississippi,  is  formed  almost  wholly  of  Galena,  as  is  the  upper 
portion  of  the  similar  ridge  back  of  Guttenberg.  On  Bloody  Run 
between  Beulah  and  Monona  there  are  many  outcrops  of  the 
same  rock  and  it  is  a  conspicuous  feature  of  the  Mississippi 
bluffs  along  the  eastern  border  of  the  county.  On  the  Turkey 
river  there  are  good  exposures  at  Motor  and  in  the  vicinity  of 
Elkader,  where  the  beds  have  been  quite  extensively  quarried. 

Thickness. — As  may  be  inferred  from  the  previous  discussion 
the  dolomitiz'ed  beds  vary  in  thickness  fro:ii  a  few  feet  to  200 
feet.  The  minimum  measured  thickness  was  near  the  northwest 
corner  of  Boardman  township,  where  the  dolomite  is  not  more 
th'^in  100  feet.  Five  miles  northeast  of  here  the  beds  for  at  least 
seve  ity-five  feet  below  the  Maquoketa  are  non-dolomitic,  so  that 
the  dolomite  is  probably  entirely  absent.  At  pjlkader  it  is  120 
feet,  and  it  has  about  the  same  thickness  in  Volga  township.  In 
the  vicinity  of  Garnavillo  the  dolomite  is  200  feet  thick. 

The  uneven  manner  in  which  the  dolomitization  has  pro- 
gressed is  shown  by  the  fact  that  at  Elkader  the  Galena  dolo- 
mite extends  up  to  the  base  of  the  Maquoketa  while  six  miles 
north  on  Robert  creek  seventy-five  feet  of  non-magnesian  lime- 
stone is  exposed  directly  below  the  Maquoketa.  The  same  pecu- 
liarity is  shown  by  an  examination  of  the  bottom  of  the  forma- 
tion. In  Dubuque  county  heavily  bedded  dolomite  begins  directly 
on  top  of  the  ^' Green  Shales".*  At  Clayton  it  is  thirty  feet  and 
at  McGregor  forty  feet  above  these  shales,  or  eighty  to  ninety 
feet  above  the  Saint  Peter  sandstone,  while  at  Elkader  the  bot- 
tom of  the  dolomite  is  165  feet  above  the  sandstone.  Still  far- 
ther north  in  Allamakee  county  the  dolomitized  Galena  begins 
about  240  feet  above  the  Saint  Peterf .  But  although  the  Galena 
is  so  variable  the  combined  thickness  of  the  two  divisions  of  the 
Galena-Trenton  formation  is  quite  constant,  where  one  is  thick 
the  other  is  thiii  and  vice  versa. 

*IowA  Geol.  Surr..  Vol.  X,  p.  4M 
.      tibid.  p.  409. 
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All  the  evidence  bearing  on  the  subject  points  to  the  conclu- 
sion that  the  Galena  dolomite  is  derived  from  non-dolomitic 
limestone  by  alteration  which  has  taken  place  subsequent  to  the 
deposition  of  the  strata.    This  is  the  conclusion  reached  by 
.Calvin  and  Bain  from  their  studies  in  Dubuque  county.*    But 
the  relations  between  the  two  portions  of  the  Galena-Trenton 
formation  are  somewhat  different  in  Clayton  county  from  those 
in  the  counties  adjoining  on  the  north  and  south.     In  Dubuque 
county,  for  example,  a  bed  of  shale  lies  at  the  base  of  the  dolo- 
mite and  separates  it  from  the  unchanged  limestone  below.  Such 
a  shale,  dividing  the  dolomitic  from  the  non-dolomitic  beds  was 
seen  in  the  area  under  discussion  at  only  one  locality,  near  the 
town  of  Clayton,  though  the  bottom  of  the  dolomite  was  exposed 
to  observation  at  numerous  points.    Instead  there  were  found 
the  mottled  transition  beds  already  described  which  occupy  a 
place  intermediate,  both  in  position  and  composition,  between 
the  dolomitic  and   non-dolomitic  divisions   of  the  formation. 
These  furnish  in  themselves  strong  evidence  of  the  secondary 
origin  of  the  dolomite.     The  gray,  compact,  fossiliferous  por- 
tions of  the  mottled  rock  contain  only  a  little  over  four  per  cent 
of  magnesium  carbonate,  while  the  buff,  less  compact  and  unfos- 
siliferous  patches  contain  over  eighteen  per  cent  of  magnesiima 
carbonate.    It  has  been  shown  on  a  previous  page  that  the  alter- 
ation  of   the   original   non-dolomitic   limestone   has    in    some 
instances  taken  place  first  along  bedding  planes  and  joints  where 
the  magnesia-bearing  waters  would  circulate  most  freely.    The 
absence  of  these  mottled  beds  from  the  adjoining  counties  is 
doubtless  explained  by  the  presence  of  the  shale  beds  in  the 
Trenton  formation  of  those  areas,  which  has  prevented  the 
waters  from  descending  to  a  greater  depth  and  has  abruptly 
stopped  the  dolomitization  at  the  horizons  of  the  shale.    These 
shales  are  largely  absent  from  Clayton  county  and  here  the 
transition  beds  commonly  occur  at  the  base  of  the  dolomite  and 
th^re  is  thus  a  gradual  passage  from  the  altered  to  the  unaltered 

*Iowa  GaoL  Sarv.,  VoL  X,  pp.  492-497. 
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divisions  of  the  Galena-Trenton  formation.  What  it  is  that  has 
limited  the  dolomitization  below  and  why  the  change  has  ex- 
tended to  greater  depths  at  some  points  than  at  others  it  is 
impossible  to  say. 

The  Galenii  dolomite  contains  few  fossils;  among  those  which 
are  found  Recepfaculites  oxieni  is  by  far  the  most  common. 
Maclurina  cuneata  is  also  present. 

MAQUOKETA. 

It  is  doubtful  whether  any  other  geological  formation  in  the 
state  appears  under  such  a  variety  of  aspects  as  does  the 
Maquoketa.  In  l)ubu(|ne  county  it  is  composed  almost  wholly  of 
clay  shales.  At  other  localities  it  is  formed  of  calcareous  shales 
and  non-magnesian  limestones,  while  at  still  others  it  is  repre- 
sented by  beds  of  true  dolomite,  often  resembling  those  of  the 
Galena  or  Niagara.  It  is  therefore  not  always  easy  to  separate 
on  lithological  grou>ids  th':^  Mariuoketa  from  the  formations 
above  and  below,  'although  a  (»arcful  examination  commonly 
makes  this  i):)ssil)!c,  aidtnl  by  t!ie  fossils  characteristic  of  the 
Maquoketa. 

In  Clayton  county  the  Maciuoketa  is  distinctly  calcareous  and 
is  in  this  res))ect  very  different  from  the  beds  as  they  occur 
farther  south  in  Dul)U(iue  county.  This  calcareous  phase  of  the 
formation  is  also  strongly  marked  in  Fayette  county.  Thc^  clay 
sjiales  of  the  southern  i)art  of  the  region  are  thus  found  to  be 
represented  by  limestone  and  dolomite  toward  the  north  and 
we-t.  All  phases  of  the  Maquoketa  are  well  represented  in 
Clayton  county,  where  the  strata  cover  a  large  portion  of  th^y 
area  and  are  deeply  trenched  by  the  streams. 

The  character  of  the  formation  is  made  apparent  by  the  s(»c- 
tions  which  follow.  The  best  outcrops  are  found  in  the  south- 
ern and  western  p:n-t  of  the  county,  in  the  vicinity  of  Vol«a  and 
Strawberry  Point  and  on  the  Turkey  river  in  Marion  tow.iship, 
near  the  Fayette  county  line. 

ST.  SEBALD  SECTION. 

This  section,  about  one-half  mile  north  of  8t.  Sebald,  is  in 
the  northeast  quarter  of  section  33,  Sperry  township,  on  one  of 
the  small  tributaries  of  Hewitt  creek. 


MAQUOKETA.  SfN 

FBBT.     IN0HB8. 

11.     Niagara  limestooe. 

10.  Blue  and  baff,  impure  dolomite  in  eveo  layers  four 
to  twelve  inches  thick,  the  transition  beds  of 
the  Maquoketa 25 

9      blue  clay  shale  which  weathers  into  a  plastic  clay     12 

8.     Ledge  of  impure  limestone 8 

7.     Bine  clay  shale  similar  to  No  9 2 

6  Calcareous  shale  in  thin  uneven  layers,  contains 
numerous  foss'.ls,  including  Of  this  Whit^eldi, 
O  insculpta,  O  occidentalts.  Rhynchonetla 
nunah^  Rh%nchottemacapax,B'perlameilosa      1  6 

5.     Blue  day  shale  only  slightly  calcareous 3 

4.     Impure   limestone,  hard,    in   layers  two  to  three 

inches  thick 2 

3.     Clay  shale,  similar  to  No.  5  3 

2-  Impure  argillaceous  lime<t^oce  in  beds  one  or  twi> 
inches  thick,  containing  many  fussils  similar 
to  those  in  No.  6 1  4 

1.     Bluish    green    clay   shales    exposed   at   intervals 

along  sides  of  the  ravine 65 

It  will  be  observed  that  over  one  hundred  feet  of  the  upper 
portion  of  the  Maquoketa  are  here  displayed  and  that  below  the 
dolomitic  transition  beds  there  are  about  twenty-five  feet  of 
alternating  shales  and  limestones.  At  the  base  of  the  section 
there  is  a  considerable  thickness  of  nearly  pure  clay  shales 
which  appear  to  be  (luite  free  from  calcareous  beds.  An  analysis 
of  this  shale  is  given  later  under  the  subject  of  clays. 

The  impure  dolomitic  strata  at  the  top  of  the  Maquoketa  (No. 
10)  appear  at  a  number  of  points  where  the  contact  of  this 
formation  and  the  Niagara  can  be  observed  both  in  this  and 
Dubuque  county.  They  occur  near  the  bottoms  of  the  valleys  of 
Spring,  Cox  and  Bear  creeks,  a  few  miles  north  of  the  towns  of 
Strawberry  Point  and  Edgewood  and  are  ([uite  constant  both  in 
thickness  and  lithological  character. 

On  Elk  creek,  in  the  northwest  iiuarter  of  section  23  of  Elk 
township,  the  beds  near  the  base  of  the  Maquoketa  are  well 
exposed.  The  Galena  dolomite  outcrops  along  the  creek  less 
than  a  mile  below  this  locality.. 

ELK  CREEK  SEUTION. 

FEET. 

5.  Argillaceous  limestone  inlaycis  three  to  twelve  inches  thick; 
breaks  with  conchoidal  fracture;  contains  specigiens  of 
Orthoceras lS-?0 

4.  Ledge  of  impure  limestone,  dark  brown  color  on  fresh  sur- 
face, contains  mahy  sn^all  cavities •• 2 

3.  Dark  brown,  argillaceous  limestone  in  several  ledges  separ- 
ated by  fissile  shale 1 

2.  Fissile  shale,  blue  when  weathered,  chocolate  brown  when 
fresh:  irregularly  jointed;  contains  crystals  of  iron 
pyrites 7-8 

1.      Gray  limestone  in  uneven  layers  two  to  ihrte  inches  thiek, 

exposed  in  bed  of  creek 2 
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The  basal  portion  of  the  Maquoketa  is  exposed  at  various 
points  in  Jefferson,  Garnavillo  and  Volga  townships.  In  these 
outcrops  the  rock  is  light  yellow  and  contains  many  layers  of 
indurated  calcareous  shale  which  often  makes  up  the  bulk  of  the 
beds.  These  yellow,  stony,  calcareous  strata  are  characteristic 
of  the  formation  in  many  parts  of  the  area,  the  associated  shales 
also  having  a  yellow  color  upon  exposure.  The  indurated  layers, 
which  are  from  three  to  eight  inches  thick,  contain  a  rather  high 
percentage  of  lime  carbonate  and  some  of  them  are  impure 
limestones. 


Fie.  32-Oliff  of  Maquokata  limestone  and  shale  on  Volgra  river  at  Volgra. 

The  Maquoketa  appears  along  the  road  just  north  of  Osborne, 
where  a  thickness  of  eighty  feet  is  exposed  immediately  above 
the  Galena  dolomite.  The  lower  portion  is  composed  of  clay 
shales  containing  large  numbers  of  iron  concretions  varying  in 
size  from  that  of  a  walnut  to  six  and  eight  inches  in  diameter. 
When  these  are  weathered  they  exhibit  concentric  layers  and 
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finally  break  up  into  small  fragments  of  impure  limonite.  The 
upper  twenty  to  thirty  feet  of  the  section  is  formed  of  the  indur- 
ated layers  of  calcareous  shale. 

The  cliff  (Fig.  32)  which  overhangs  the  river  just  above  the 
dam  at  Volga  affords  an  excellent  opportunity  to  examine  the 
Maquoketa  strata.  The  upper  ledges  of  the  Galena-Trenton 
appear  in  the  bed  of  the  river  below  the  dam  and  above  these 
are  seen  over  sixty  feet  of  shales  and  limestones  belonging  to  the 
overlying  formation. 

VOLGA   SECTION 

FEBT.     IN0HB8 

15.     BlUf  clay  shale,  exposed 3 

14.     Unexposed 10 

13.  LimestoDe  Id  ledges  six  to  eight  inches  thick  separ- 
ated by  thin  sh-Iy    par  ings 10 

1^.  Dark  gray  to  brownish,  weathering  to  buff,  crys 
lalline   dolomitic    limestone  in    well   defined 

beds  eight  to  eighteen  inches  thick 14 

11 .  Blue  and  grav  argillaceous  limesrone  in  layers  one 
to  two  feet  thick;  where  exposed  inf<ceof 
cliff  the  ledges  are  much  weathered  acd  the 

ruck  has  a  rough,  pitted  surface  10 

10.  Impure  limeitone,  Dot  occuring  in  well-defined 
beds,  but  in  uneven  and  obscure  layers  of 
varying  texture  as  seen  on  weithered  sur- 
faces. Some  portions  more  crystalline  than 
others  and  the  crystalline  patches  are  lens 
shaped  and  elongated  parallel  to  the  beds. 
This  rock    contains   s<'me  crystalline  calcite 

and  calcareous  nodules     .    7 

9.     Clay  shale   containing  three  bands  of   clacaieous 

nodules  similar  to  those  of  No.  8 1  4 

8.  Thin  seam  composed  of  flattened  calcareous 
nodules.  These  are  white  on  <>uter  surface 
and  resemble  chert  nodules  but  when  broken 
they  are  seen  to  be   c  imposed  of   very  com 

pact  non-crystalline  calcite j^ 

7.     ri-^y  shale  in  single  layer 1  3 

6.     Blue  clay  shale  wnich    breaks  into  irregular  frag- 

meuts  with  c  )nchoidal  fracture 6 

5 .     Calcare< ^us  shale  in  thin  beds . .       1 

4.     Yellow  clay  shale 4 

3 .     Li mefttone  ledge 4 

2.     clay  shale 2  4 

1.  Limestone  exposed  in  bed  of  iiver.  (Galena-Tren- 
ton.) 

The  most  noticeable  feature  of  this  section  is  the  predomin- 
ance of  limestone  strata,  more  than  three-quarters  of  the  beds 
being  composed  of  this  rock. 

About  one  mile  east  of  this  outcrop  the  Galena-Trenton  is 
seen  overlain  by  twenty  feet  of  clay  shale,  blue  when  fresh  but 
weathering  to  a  yellow  color.    Pieces  of  this  shale  are  often  blue 
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on  the  inside  and  yellow  on  the  outside  next  to  the  bedding  or 
joint  planes.  In  places  this  shale  shows  a  tendency  to  assume  a 
concretionary  structure.  No  calcareous  l:iyers  appear  in  the 
shale  at  this  point. 

Perhaps  the  best  locality  in  the  county  for  the  study  of  the 
Ma(|uoketa  forniat'on  is  in  the  valley  of  the  Turkey  river  in 
sections  18  and  19  of  Marion  township  and  adjoining  parts  of 
Fayette  county.  The  beds  an»  exposed  at  i\  number  of  points  in 
the  sides  of  the  valley,  which  has  h.re  b.^en  cut  through  the 
Marpioketa  to  the  Galena-Treuton.  On  the  south  side  of  the 
river  in  section  19,  t\u'  lower  i^art  of  the  formaticm  is  well  shown. 
The  following:  se(»tion  is  not  all  seen  at  any  one  point  but  is 
formed  by  combining  several  outcrops  in  close  i)roximity. 

TURKEY  RIVER  SECTION 

FBET. 

4.  Yellow  and  gray  calcareous  shales  and  ar^^illaceous  lime- 
stoDes  )D  layers  thrre  to  eig^ht  inches  thick;  contain 
large  numbers  of  siliceous  and  calcareous  nodules  which 
are  rich  in  fossils-trilobites,  gastropods  and  Orthocera- 
tites  being  especially  common.  These  nodule-bearing 
beds  are  \ery  similar  to  those  occurring  above  the  dam 
at  VolKa.  As  at  that  locality  the  nodules  are  white  on 
the  outside  but  on  beint;  broken  open  the  majority  are 
found  to  be  composed  of  gray  calcite.  Some  contain 
a  large  percentage  of  silica.  They  are  all  very  compact 
in  texture,  brittle,  break  with  conchoidal  fracture,  and 
lie  with  their  longest  axes  parall«-I  to  the  bedding  planes. 
These  beds  contain  Nileus  vigilans  in  considerable 
numbers  and  may  therefore  be  designated  the  Nileus 
beds 20 

3.  Indurated  and  highly  cal?areous  shales  interbedded  with 
fissile  shales.  The  indurated  layers  break  readily  into 
thin  slabs  and  are  separated  by  from  six  to  eii^ht  inches 
of  clay  shale.  The  stony  calcareous  beds  are  rich  in 
fragments  of  Isotelus  maximus  Locke  and  contain 
also  Conularia,  Graptolites  and  Urthoceratiles 10 

2.       Concretionary  limestone  similar  to  that  observed  near  Volga 

and  elsewhere  at  the  top  of  the  Galena- Trenton 10 

I.  Thin  and  unevenlv  bedded,  compact,  earthy  gray  limestone 
resembling  the  non-magnesian  portion  of  the  Trenton 
limestone,  exposed  to  river 10 

Numbers  1  and  2  of  the  above  section  undoubtedly  represent 
the  top  of  the  Galena-Trenton  formation,  while  the  Isotelus  beds 
(No.  3)  form  the  bottom  of  the  Macpioketa.  These  latter  are 
characterized  by  the  presence  of  great  numl)ers  of  Isotelus  max- 
imus^  the  fragments  of  which  fairly  cover  the  surface  of  the 
slabs.  It  is  seldom  that  an  entire  individual  is  found  but  head 
shields,  pygidia  and  cheek  spines  are  very  common.  The  large 
eyes  are  often  perfectly  preserved  and  exhibit  the  facets  clearly. 
These  Isotelus  beds  are  well  exposed  in  the  bed  of  the  small 
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stream  near  the  bridge  in  the  northwest  quarter  of  the  southeast 
quarter  of  section  19,  Marion  township  (Fig.  33).  They  were 
also  observed  four  and  one-half  miles  southeast  of  here,  in  the 
northeast  quarter  of  section  35,  at  an  elevation  of  110  feet  above 
the  river,  and  also  along  the  road  between  sections  22  and  23. 


Fis:.  33  -  Isotelus  beds  at  base  of  Maquoketa,  near  center  of  Section  19,  Marion  township 

Number  4  of  the  above  section  and  the  beds  overlying  it  aro 
exposed  on  the  south  side  of  the  river  in  the  dry  run  just  across 
the  line  in  section  13  of  Fayette  county. 

UOUNTY  LINK  SECTION  fbet 

4.       UDezposed    to  base    of  the   Niagara    except    some    blue  clay 

shales  at   bottom       90 

3.       Buff  dolomite  io  irregular  bed «,  with  much  chert 30 

2.       Greenish  blue  clay  shale  weathering  into  a  plastic  clay.     Used 

in  making  brick  at  Clermont ,  exposed 10 

1.  Very  calcareous  ihales  and  argillaceo'js  limestone  which  cor- 
respond in  part  to  No.  4  of  the  previous  section.  Occurs 
in  thin  beds  two  to  six  inches  thick  and  contains  numer- 
ous impure  cherty  and  calcareous  nodules.  The  rock 
breaks  readily  into  thin  slabs  along  the  lami  ation 
planes.  The  fossils  observed  were  NUeus  vigilans 
Calymene  senaria,  cystidean  plates  and  Orthoceran. 
This  member  is  not  exposed  continuously  along  the 
ravine  and  may  be  made  up  in  part  of  clay  shabs  similar 
to  No.   2 100 


272  GEOLOGY  OF  CLAYTON  COUNTY. 

The  peculiar  feature  of  this  section  is  the  presence  of  the 
cherty  dolomite  (No.  3)  included  between  clay  shales  and  the 
great  thickness  of  calcareous  strata  at  the  base. 

Numbers  1,  2  and  3  are  well  exposed  near  Clermont,  Fayette 
county,  between  the  town  and  the  residence  of  ex-Governor 
•  Larrabee..  The  road  leading  up  the  hill  is  cut  through  the 
Nileus  beds,  above  which  lies  the  blue  clay  used  in  brick  making 
8t  Clermont.  The  latter  is  seen  to  be  overlain  by  the  dolomite 
of  No.  3.  This  is  heavily  bedded,  massive  and  very  cherty.  It 
has  a  coarse,  uneven  texture,  is  vesicular,  buflf  in  color  and 
resembles  the  dolomite  of  the  Galena  or  Niagara.  But  it  carries 
characteristic  Maquoketa  fossils  and  lies  between  blue  clay 
shales.  The  following  fossils  occur  in  the  dolomite :  Orthis  sub- 
quadrata,  0,  testudinaria,  0,  insculpta,  Rafinesquina  aUernata 
(of  Maquoketa  type),  Plectambonites  sericea,  Rhynchotrema 
capax,  Leptaena  unicostata  and  Ortlioceras. 

There  is  another  interesting  exposure  of  the  Maquoketa  strata 
at  Patterson's  spring,  four  and  one-half  miles  west  of  the 
Clayton  county  line,  in  the  southwest  quarter  of  section  20, 
Pleasant  Valley  township.  Here  below  the  Niagara  limestone 
there  are  seventy  feet  of  blue  clay  shales.  But  between  the  two 
several  beds  of  non-magnesian,  argillaceous  limestone  occur. 
These  beds  are  three  or  four  feet  thick  and  very  fossiliferous. 
The  following  species  are  common:  Leptaena  unicostata, 
Orthis  occidentalisj  Tentaculites  sterlingensis,  Plectambonites 
sericea,  and  Monticulipora. 

The  different  outcrops  occurring  near  the  western  boundary 
of  Clayton  county  may  be  combined  to  form  a  general  section  of 
the  Maquoketa  formation  as  it  appears  in  the  northwestern  part 
of  the  county.  The  following  subdivisions  are  quite  clearly 
defined. 
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5.    Clay  shales,  not  well  exposed  except  near  the  top  aod 
bottom  (well  exposed  at  Patterson's  spriog  in  bay- 

ette  couDty)  ...        90 

4.    Cherty  dolomite  beds 30 

3.     blue  clay  sbales,  seen  at  county  line  section  and   the 

clay  pit  at  Clermont 10-70 

2.     N ileus  beds,  calcareous  shales  and  impure  limestones  40-100 
1.     Isotelus  beds  forming  the  base  of  the  Maquoketa,  very 

calcareous,  indurated  snale 10 

It  is  evident  from  the  above  section  that  in  this  vicinity  from 
one-third  to  one-half  of  the  Maquoketa  is  composed  of  calcare- 
ous shales,  limestone  and  dolomite.  Another  noticeable  feature 
is  the  rapid  variation  in  the  thickness  of  the  several  divisions  of 
the  formation.  The  Nileus  beds  appear  to  vary  in  thickness 
from  thirty  or  forty  to  one  hundred  feet. 

The  foregoing  sections  bring  out  in  a  striking  manner  the 
variability  in  the  lithological  character  of  the  Maquoketa.  iu 
the  southern  part  of  the  county  the  upper  portion  of  the  forma- 
tion is  composed  of  buff,  impure  dolomite  in  even  layers,  the 
entire  thickness  of  these  transition  beds  being  twenty-five  feet. 
The  presence  in  them  of  Ortkis  testtidinaria  leaves  little  doubt 
that  they  are  to  be  included  in  the  Maquoketa  rather  than  the 
overlying  Niagara.  These  strata  were  not  observed  in  the 
northwestern  part  of  the  area  and  they  are  probably  absent 
from  that  region. 

Below  these  dolomitic  beds  of  passage,  or  where  these  are 
wanting,  below  the  Niagara,  the  formation  is  composed  chiefly 
of  clay  shales,  with  some  limestone  layers  at  the  top,  having  a 
thickness  of  from  ninety  to  100  feet.  These  shales  appear  in 
the  St.  Sebald  and  County  Line  sections.  They  may  doubtless 
be  correlated  with  the  Upper  Maquoketa  of  Dubuque  county 
which  is  formed  of  ^ Aplastic  clay  shales  with  some  indurated  fos- 
siliferous  bands  near  the  top",  and  including  the  transition  beds 
has  a  thickness  of  160  feet.* 

The  Lower  Maquoketa  of  Clayton  county  on  the  other  hand, 
is  composed  very  largely  of  calcareous  strata,  and  clay  shales 
form  an  unimportant  part  of  this  division.  Numbers  1  to  4  of 
the  general  section  may  be  considered  as  belonging  to  this  lower 
member  of  the  formation. 

*Q9oio8ry  of  Dubuque  County.  Iowa  Qeol.  Surv..  Vol.  X.  p.  448,  Des  Mpipea,  1899. 
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At  Osborne  the  basal  portion  is  represented  by  fifty  or  sixty 
feet  of  clay  shales  containing  abundant  iron  concretions,  but  less 
than  five  miles  west,  at  Volga,  the  strata  of  this  horizon  are  for 
the  most  part  calcareous  shales  and  limestones.  The  presence 
in  this  county  of  any  considerable  thickness  of  clay  shale  at  the 
base  of  the  Maquoketa  is  exceptional,  since  wherever  observed 
ihe  beds  are  commonly  very  calcareous  and  indurated. 

The  lithological  differences  between  the  Lower  and  Upper 
Maquoketa  are  here  more  marked  than  in  Dubuque  county  and 
furnish  additional  grounds  for  the  separation  of  the  formation 
into  two  subdivisions,  as  suggested  by  Calvin  and  Bain.*  The 
faunal  differences  are  also  quite  noticeable  and  important, 
though  some  forms  are  common  to  both  horizons. 

The  Isotelus  beds  are  considered  as  marking  the  base  of  the 
'Maquoketa  since  below  them  is  both  a  lithological  and  faunal 
'Change.     The  strata  underlying  those  containing  the  trilobite 
remains  are  pure  limestones  resembling  the  undoubted  Galena- 
'  Trenton  rock  found  near  Volga  and  elsewhere.    The  Isotelus 
beds  are  distinctly  argillaceous  and  shaly,  the  more  indurated 
Imyers  being  only  two  or  three  inches  thick,  breaking  readily 
:into  thin  slabs  and  separated  by  fissile  shale.    The  fossils,  com- 
prising Isotelus  maximus,  Leptobolus  occidentalism  and  numer- 
ous graptolites,  are  unlike  the  forms  occurring  in  the  underly- 
ing limestones.    The  small  Leptobolus  occidentalis  Hall,  which 
here  occurs  in  dark  shaly  partings  between  the  more  indurated 
Isotelus-bearing  beds,  is   a  characteristic  fossil  of  the  dark 
shales  in  the  lower  part  of  the  Maquoketa  formation  at  Graf  and 
elsewhere  in  Dubuque  county.    For  these  reasons  the  lower  limit 
of  the  Maquoketa  is  placed  at  the  bottom  of  these  Isotelus  beds. 
The  thickness  of  the  formation  varies  from  200  feet  in  the 
southern  part  of  the  county  to  240  feet  in  the  northwestern  town- 
ships.   In  Dubuque  county  the  thickness  is  200  feet  and  the  for- 
mation becomes  thicker  toward  the  north  and  west. 

The  Maquoketa,  as  will  be  seen' from  a  reference  to  the  geo- 
logical map  accompaning  this  report,has  a  wide  distribution 
throughout  Clayton  county.  With  the  probable  exception  of 
sev^r^l  in  the  northeastern  corner  it  is  found  in  every  township 

«Ibid.  p.  442. 
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in  the  area.  It  forms  the  surface  rock  of  the  uplands  in  Jeffer- 
son, Volga,  Garnavillo,  Read,  Farmersburg,  Wagner,  Marion, 
Monona  and  Grand  Meadow  townships.  Between  the  Volga  and 
Turkey  rivers  it  covers  large  areas  where  the  overlying  Niagara 
has  been  removed  by  erosion,  and  south  of  the  Volga  it  occurs  in 
the  valleys  cut  back  into  the  Niagara  escarpment  by  the  many 
tributaries  entering  into  the  major  stream  from  the  south.  In 
the  uplands  back  from  the  streams  the  Maquoketa  is  covered  by 
the  Niagara  dolomite. 

SILUKIAW  SYSTEM. 
Niagara  Limestone. 

The  youngest  of  the  indurated  formations  occurring  in  Clay- 
ton county  is  the  Niagara  limestone  which  overlies  the 
Maquoketa  shale.     It  does  not  attain  its  full  thickness  in  the 


FiflT-  34-Outcrop  of  Niafirara  limestone  in  the   G under  outlier,   section   16,   Marion 
township. 

region   under   discussion,   however,    since    the   upper   portion 
appears  to  be  absent.    The  beds  cover  a  large  area  in  the  south- 
western part  of  th?  county  but  the  exposures  most  favorable  for 
study  occur  in  the  valleys  formed  by  the  headwaters  of  Spring, 
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Cox  and  Bear  creeks,  in  the  vicinity  of  Strawberry  Point  and 
Edgewood.  Cliffs  of  the  Niagara  dolomite  also  form  the  sides 
of  the  valley  of  the  Maquoketa  river  in  the  extreme  south- 
western corner  of  Cass  township. 

The  character  of  the  rocks  shows  considerable  variation  both 
vertically  and  horizontally  but  the  typical  Niagara  is  a  yellow 
or  buff,  heavily  bedded  dolomite.  It  often  resembles  closely  the 
Galena  and  might  easily  be  mistaken  for  the  latter  formation 
were  it  not  for  its  fossils  and  stratigraphic  position.  In  out- 
crops which  have  been  long  exposed  to  weathering  the  beds  usu- 
ally have  very  rough  and  pitted  surfaces,  as  shown  in  Fig.  34. 

The  basal  beds  of  the  Niagara  are  seen  in  Cass  and  Lodo- 
millo  townships  and  also  in  several  outliers  in  Grand  Meadow 
township,  one  of  which  extends  across  the  line  into  Fayette 
county.  As  shown  by  these  exposures  the  strata  at  the  base  of 
the  formation  are  in  rather  heavy  ledges  two  to  four  feet  and 
more  in  thickness.  These  are  well  shown  in  ''The  Dolomit* 
Quarries''  four  miles  southwest  of  Postville  and  just  over  the 
line  in  Fayette  .ounty.     The  section  here  is  as  follows: 

FBBT.  IN0HB8. 

4.    Dolomite  in  a  siDgle   bed   with    some   chert  nodules. 

Suitable  only  for  rubble  and  broken  stone 1  6 

3.      Dolomite   furnisbiDg   good  quarry  stone  and  quite 

free  from  cherr 6 

2.     Ledge  of   dolomite   very   unifr  rm  in    character    aod 

constant  in  thickness;  rock  rese  mbles  No.  1.     20 

1.  Single  ledge  of  even  textured,  finely  granular,  buff 
colored  doLimite.  lo  places  has  a  clay  parting  one 
inch  thick  dividing  the  bed  into  two  layers.  Varies 
in  thickness  from  five  to  eight  feet,  but  where 
examined  in  face  of  quarry  at  time  of  the  writer's 
visit  it  measured 6         4 

No.  1  of  the  above  section  rests  on  the  blue  clay  shales  of  the 
Maquoketa  from  which  it  is  separated  by  a  thin  parting  of  cal- 
careous shale.  The  beds  contain  Platy stoma  niagarense^ 
Orthoceras  and  other  fossils.  Similar  basal  beds  of  the  Niagara 
are  exposed  in  the  quarries  near  the  section  line  between  sec- 
tions 10  and  15,  Marion  township,  where  heavily  bedded,  com- 
pact, buff  dolomite  overlies  the  Maquoketa  shale. 

In  the  southern  part  of  the  county  the  strata  at  the  base  of 
the  Niagara  are  seen  in-  the  vicinity  of  Strawberry  Point  and 
Edgewood.    They  here  rest  on  the  calcareous  transition  beds  of 
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•the  Maquoketaj  already  described  in  the  discussion  of  that  for- 
mation. Where  exposed  in  the  northwest  quarter  of  section  14, 
Cass  township,  the  rock  is  a  heavily  bedded,  coarse-textured, 
crystalline  dolomite.  The  ledges  are  three  to  four  feet  thick. 
The  same  strata  are  exposed  along  the  valley  in  the  northwest 
quarter  of  section  26,  Lodomillo  township.  The  thickness  of 
these  basal  beds  is  from  thirty  to  forty  feet. 

These  heavy  ledges  at  the  base  of  the  Niagara  are  succeeded 
by  the  quarry  beds  in  which  all  the  quarries  in  the  southern  part 
of  the  county  are  located.  The  character  of  the  rock  is  well 
shown  in  these.  In  the  Sousley  quarry  (Fig.  35),  located  in  the 
northwest  quarter  section  15,  Cass  township,  the  following  sec- 
tion appears : 

FEET. 

2  Coarse- textured,  buff  dolomite  contdiniDg  chert 
nodules,  in  ledges  eigh  een  incbes  to  three  or  four 
feet  thick  8  10 

1.  Light  gray,  almost   white,  finely  crystalline  dolomite 

free  irom  cheit,  io  layers  fn  m  fciur  to  eivhtten 
inches  and  two  and  one-half  feet  in  thickness. 
The  thicker  ledges  can  be  split  into  any  desired 
thickness  along  lamination  planes.  The  rock  is 
soft  when  first  quarried  and  grows  hard  on  exposure      6-8 

T:i  the  northwest  quarter  of  section  24,  Cass  township,  the 
(piarry  beds  have  been  opened  on  the  land  of  Mr.  F.  Glass  and 
exhibit  the  following  section: 

FEET.  INCHES. 

6.     boil  1 

5.     Weathered,  thin-bedded  rock  2 

4.  Dolomite  in  layers  two  to  Fix  inches  thick,  not  ami- 
able for  building  stone  since  the  beds  are  too   thin 

and  cherty 2-3 

3  Lixht  gray  and  buff,  fine-textured  dolomite 
in  four  ledg*  s  ten,  fourteen,  fourteen  and  thirty 
inches  re«inectively;  the  thirty  inch  ledge  in  places 
separated  into  three  beds.  These  four  ledges  con- 
tain the  best  quarry  stone 5  8 

2.  Thin  layers  one  to  four  inches  thick  containing  much 

chert 14 

1.      Ledge  of  dolomite  at  base  of  quarry 22 

The  same  light  gray  to  almost  white,  fine-grained  and  rather 
soft  rock  of  the  quarry  beds  is  seen  in  the  other  quarries  of  this 
vicinity  and  it  will  not  be  necessary  to  duplica-te  the  sections 
already  given.  This  division  of  the  Niagara  has  a  thickness  of 
twentv  to  twenfv-five  feet. 
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Above  the  quarry  beds  the  strata,  for  a  thickness  of  about 
fifty  feet,  are  not  exposed.  They  probably  belong  in  part  at 
least  to  the  Syringopora  tenella  beds  found  to  the  south  in  Dela- 
ware county  at  about  this  horizon. 


FifiT-  36— Quarry  in  Niairara  dolomite  near  Straivberry  Point. 

One  mile  north  of  Edgewood,  along  the  road  leading  down  to 
Bixby's  Park,  in  the  southwest  quarter  of  section  li6,  Lodomillo 
township,  the  beds  for  100  feet  above  the  base  of  the  Niagara  are 
exposed.  The  rock  is  a  very  coarsegrained,  rough,  vesicular 
and  uneven  textured  dolomite,  gray  and  buff  in  color  and  in 
heavy,  massive  ledges  five,  six,  and  eight  feet  thick.  It  contains 
many  corals  among  which  Ualysites  catenulatus,  Zaphrentis 
probably  Z,  stokesi  and  Favositcs  arc  common.  The  weathered 
dolomite  has  the  rough,  pitte;!  surface  characteristic  of  the 
Niagara  in  many  of  its  outcrops.  The  thickness  of  this  division 
is  about  forty  fc^it.  Along  th?  Maquoketa  river  in  the  extreme 
southwestern  corner  of  the  county,  the  clilTs  forming  the  sides 
of  the  valley  are  composed  of  strata  similar  to  those  occurring 
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near  Edgewood.  The  dolomite  is  massive,  coarse  grained, 
vesicnlar  and  contains  the  same  corals.  In  addition  Pentamerus 
oblongus  occurs  in  the  beds  here.  Between  two  and  three  miles 
to  the  south  at  the  ** Backbone**  in  Delaware  county,  about 
twenty  feet  of  the  Syringopora  tenella  beds  and  seventy  feet  of 
the  Pentamerus  oblongus  beds  are  exposed.*  The  ledges  form-^ 
ing  the  cliffs  along  the  Maquoketa  in  Clayton  county  are 
believed  to  belong  to  the  horizon  of  the  Syringopora  tenella 
beds  as  found  in  Delaware  county.  It  is  probable  that  the  upper 
portion  of  the  Niagara,  the  equivalent  of  the  Pentamerus 
oblongus  beds  farther  south,  has  only  a  slight  thickness  in  this 
area.  In  northern  Delaware  county  the  latter  beds  begin  150 
feet  above  the  Maquoketa,  while  the  total  thickness  of  the  entire 
Niagara  formation  in  Clayton  county  is  little  more  than  this. 
The  Syringopora  tenella  beds  therefore  probably  form  the  upper 
member  of  the  Niagara  formation  in  the  region  under  discussion. 

The  Niagara  limestone  covers  a  large  area  in  the  southern 
and  southwestern  townships,  having  a  wider  distribution  than 
any  other  formation  except  the  Maquoketa.  It  lies  for  the  mosi 
part  south  and  west  of  the  Turkey  river,  occurring  both  between 
that  and  the  Volga  river  and  south  of  the  latter  stream.  But  sev- 
eral detached  areas  or  outliers  are  present  north  of  the  Turkey. 
Two  of  these  are  in  the  vicinity  of  Gunder,  in  northeastern 
Marion  township.  The  dolomite  forms  the  top  of  a  ridge  rising 
fifty  to  seventy-five  feet  above  the  surrounding  surface.  Several 
quarries  have  been  opened  in  the  rock  near  the  southern  end  of 
the  ridge.  Another  outlier  is  found  on  the  western  edge  of 
Grand  Meadow  township,  extending  across  the  line  into  Fayette 
county.  In  this  is  located  the  large  *' Dolomite  Quarries"  known 
also  as  the  Williams  quarry,  to  which  reference  has  already 
been  made. 

The  Niagara  occupies  a  considerable  area  between  the  Turkej 
and  Volga  rivers.  It  forms  the  prominent  ridge  extending  from: 
Highland  postoffiee  southeast  almost  to  Communia.  The  streams 
have  deeply  trenched  this  divide  and  the  dolomitic  beds  have 
suffered  much  erosion,  exposing  the  underlying  Maquoketa  shale 
over  a  large  portion  of  the  region. 

«Iowa  Gaol.  Sury  .  Vol.  VIII.  p.  148,  Dee  Moines.  1807. 
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The  main  body  of  the  Niagara  lies  south  of  the  Volga  and 
Turkey  rivers,  occupying  the  uplands  of  the  southern  tier  of 
townships  and  also  of  Sperry  and  Cox  Creek  townships.  The 
prominent  escarpment  produced  by  the  outcropping  edges  of 
the  strata  forms  an  extremely  sinuous  line  extending  north  on 
the  divides  almost  to  the  Volga,  and  south  many  miles  from 
the  river  where  the  streams  have  cut  valleys  back  five  to  ten 
miles  into  the  Niagara  limestone.  The  line  of  wooded  cliffs 
which  marks  the  edge  of  the  formation  constitutes  a  conspicuous 
topographic  feature.  At  the  base  of  these  cliffs  are  huge  masses 
of  dolomite  which  have  fallen  from  above  and  are  tilted  at  all 
angles.  Many  of  these  blocks  have  moved  down  the  gentle 
Maquoketa  slopes  and  now  lie  at  a  considerable  distance  from 
the  parent  ledges.  The  cliffs  are  constantly  being  worn  back  by 
undermining  and  weathering  and  are  thus  slowly  retreating. 

The  Niagara  does  not  attain  its  full  thickness  in  Clayton 
county,  the  upp?r  beds  either  never  having  been  present  or  hav- 
ing suffered  removal  by  erosion.  The  maximum  probably  does 
not  exceed  160  feet.  The  formation  has  about  this  thickness  in 
the  vicinity  of  Strawberry  Point  and  Kdgewood.  In  the  ridge  in 
Highland  township,  between  the  Turkey  and  Volga  rivers,  the 
dolomite  is  about  140  feet  thick,  and  elsewhere  it  is  less  than 
th's. 

There  is  little  doubt  that  the  Niagara  limestone  formerly 
covered  the  greater  part  of  the  county  and  that  what  are  now 
detached  portions  and  outliers  once  belonged  to  a  continuous 
area.  But  the  streams  of  the  region  have  cut  their  valleys 
through  the  formation,  removing  the  strata  over  large  areas. 

The  limestone  weathers  into  a  brown  or  red  ferruginous  clay 
filled  with  large  numbers  of  chert  fragments.  The  presence  of 
the  Niagara  can  frequently  be  detected  by  the  occurrence  of  this 
cherty  red  clay  even  when  there  is  no  outcrop.  It  appears  along 
the  roads  in  many  places,  as  in  Highland,  Boardman  and  Cox 
Creek  townships. 
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.  BB^SipUAIi  MATEBIALS. 

Prior  to  the  glacial  period  and  the  invasion  of  the  ice  sheet 
the  rocks  of  this  region  were  subjected  for  many  ages  to  the 
various  weathering  agencies.  Through  their  action  the  strata 
were  decomposed  and  became  covered  with  a  mantle  of  residual 
materials  representing  the  products  of  decay. 

In  the  case  of  the  limestones  and  dolomites  a  large  part  of  the 
substance  of  the  rock  (the  lime  carbonate)  was  dissolved  and  car- 
ried away  in  solution  by  the  waters,  leaving  behind  the  insoluble 
constituents,  consisting  chiefly  of  clay.  The  rocks  are  commonly 
covered  by  a  mantle  of  soil  and  subsoil  resulting  from  their 
decay,  the  thickness  varying  from  a  few  inches  to  many  feet. 
Resting  on  the  indurated  beds  of  the  county  these  residual 
materials  are  often  observed,  though  they  are  usually  covered 
by  a  younger  deposit  associated  with  the  drift,  the  loess. 

In  those  areas  where  the  Maquoketa  formation  constitutes 
the  bed  rock,  the  decomposition  product  is  a  clay  differing  little 
in  composition  from  the  original  shale.  Since  these  shales 
weather  and  break  down  rapidly  they  are  soon  concealed  by  a 
covering  of  clay  soil  and  good  outcro])s  are  not  common.  The 
Niagara  limestone,  as  already  indicated,  weathers  into  a  red  or 
l)rown,  ferruginous  clay  containing  many  chert  fragments. 
These  red,  cherty  residual  clays,  or  geest,  were  seen  at  many 
points  on  the  high  ridge  between  the  Turkey  and  Volga  rivers,  as 
well  as  south  of  the  latter  stream. 

PLEISTOCENE  SYSTEM. 

KANSAN  STAGE. 

Kansan  drift. — Although  the  Kansan  drift  covers  a  large  por- 
tion of  Clayton  county  it  nowhere  reaches  any  considerable 
thickness,  seldom  more  than  five  or  six  feet.  On  this  account  it 
lias  had  but  slight  effect  on  the  topography  of  the  area,  the  pre- 
glacial  surface  receiving  only  a  thin  veneer  of  Kansan  drift  and 
the  topography  of  the  entire  county,  beyond  the  border  of  the 
lowan  drift,  is  that  of  the  driftless  area.  The  surface  features 
are  the  result  of  erosion  and  the  glacial  deposits  are  not  thick 
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enough  to  modify  these  materially.  In  the  discussion  of  the 
topography  of  this  region  the  area  of  tha  Kansan  drift  has 
therefore  been  included  with  the  driftless  area,  since  there  is 
little  or  no  difference  between  the  two. 

When  fresh  and  unweathered  the  Kansan  is  composed  of  blue 
till  or  bowlder  clay,  mixed  with  more  or  less  sand  and  gravel 
containing  large  and  small  bowlders  of  igneous  rock.  Near  the 
surface  the  drift  is  red  and  oxidized  from  long  exposure  and 
since  it  has  no  great  depth  in  this  county  the  till  has  this  char- 
acter wherever  exposed.  It  is  overlain  by  loess.  Perhaps  the 
best  outcrops  occur  in  the  vicinity  of  Communia,  in  Cox  Creek 
and  Volga  townships.  Near  the  school  house  in  section  12  of 
the  former  township  the  following  section  is  exposed : 

FBBT.  IN0HB8. 

5.    BrowD,  sandy  clay  with  small  bowlders  and  pebbles. .  2 

4.  Gray,  rather  sandy  clay  coDtaiuios:  streaks  and  lenses 
of  sand;  also  filled  with  numerous  small  bowlders 

of  rotted  granite 1 

3      Brown  sandy  layer 6 

2.    Dark    brown    jzravel,    rather  coarse  and     containing 

much  rotted  erani^e,  diabase,  diorite,  etc 1  6 

1.  Gray,  somewhat  sandy  clay  similar  to  No  4.  in 
which  are  bowlders  of  granite  and  other  igneous 
reck 2 

The  drift  here  shows  planes  of  stratification  which  are  evi- 
dence of  water  action,  probably  of  the  streams  flowing  from  the 
melting  ice.  Granite  bowlders  one  foot  in  diameter  occur  here, 
most  of  the  rocks  being  in  an  advanced  stage  of  decomposition. 
Southwest  of  this  locality,  in  the  east  half  of  section  14  of  the 
same  township,  there  are  exposed  five  feet  of  mottled  gray  and 
brown  bowlder  clay  overlain  by  one  foot  of  loess.  Pebbles  and 
small  bowlders  of  granite,  hornblende  schist,  diabase,  chert,  etc., 
were  observed. 

Drift  outcrops  in  section  17,  Volga  township,  where  at  the 
base  there  are  four  or  five  feet  of  coarse,  brown  ferruginous 
sand  overlain  by  gray  and  brown  mottled  till,  carrying  pebbles 
and  bowlders  of  granite,  diabase,  diorite  and  other  material.  The 
clay  shows  some  lines  of  stratification.  Only  a  short  distance 
from  here  four  feet  of  brown  bowlder  clay  is  exposed,  above 
which  there  are  two  feet  of  coarse  ferruginous  sand.  Many 
bowlders  four  to  eight  inches  in  diameter  were  seen  here,  some 
flattened,  polished  and  striated  on  one  or  more  sides. 
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About  one-half  mile  south  of  East  Elkport,  along  the  road  lead- 
ing up  the  hill  in  the  southeast  quarter  of  section  36,  Volga 
township,  the  Kansan  drift,  with  great  numbers  of  bowlders, 
occurs.  The  till  is  brown,  leached,  highly  oxidized  and  filled  with 
pebbles  and  bowlders.  A  little  ferruginous  sand  is  mingled  with 
the  clay.  At  no  other  locality  in  the  Kansan  area  are  bowlders 
80  numerous  as  here.  Those  two  or  three  feet  in  diameter  are 
common  and  some  were  observed  four  or  five  feet  in  diameter. 
Fine-grained  granite  predominates  but  diabase,  hornblende 
schist,  gabbro,  diorite  and  greenstone  are  found.  The  drift 
covers  the  side  of  the  valley  from  top  to  bottom,  indicating  that 
the  latter  was  formed  before  the  deposition  of  the  drift  and  is 
therefore  preglacial.  In  Mallory  township  brown  bowlder  clay 
is  exposed  along  the  road  in  the  southwest  quarter  of  section  21 
and  near  the  center  of  section  33.  The  drift  is  covered  with  loess 
which  conceals  it  from  view  for  the  most  part.  The  Kansan 
appears  beside  the  road  in  the  northwest  quarter  of  section  14, 
Sperry  township,  less  than  two  miles  south  of  Volga.  It  out- 
crops near  the  school  house  two  miles  west  of  Garnavillo,  where 
two  feet  of  brown  till  containing  pebbles  and  small  bowlders  of 
granite,  diorite,  greenstone,  etc.,  were  seen.  One  of  the  granite 
bowlders  was  one  foot  in  diameter.  The  drift  is  exposed  at 
several  points  in  the  vicinity  of  St.  Olaf  and  Farmersburg.  One- 
half  mile  north  of  the  former  town  three  feet  of  red  bowlder 
clay  occur  overlain  by  five  feet  of  loess.  Bowlders  six  inches  to 
one  foot  in  diameter  are  present.  Five  miles  north  of  here  the 
Kansan  drift  appears  in  a  railroad  cut  near  the  center  of  sec- 
tion 32  of  Giard  township.  Five  feet  of  brown  bowlder  clay 
containing  pebbles  of  granite,  greenstone  and  diorite  are 
exposed.  Some  drift  is  found  in  Grand  Meadow  township  but  it 
is  unlike  the  typical  Kansan  in  being  light  colored  instead  of 
brown.  It  contains  many  small  bowlders  and  is  overlain  by 
loess. 

The  margin  of  the  Kansan  drift  in  Clayton  county  is  not 
marked  by  any  ridge,  due  to  the  thickening  of  the  deposit  along 
the  border,  as  in  Dubuque  county.  The  drift  fades  out  so  gradu- 
ally that  it  is  possible  to  determine  only  approximately  where 
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the  margin  is  located.  The  'eastern  and  northern  boundary  as 
represented  on  the .  Pleistocene  map  which  accompanies  this 
report .  probably  does  not  correspond  exactly  with  the  actual 
V»order,  but  the  thinness  of  the  drift  and  its  covering  of  loess 
prevents  any  accurate  mapping  of  the  margin  of  the  Kansan. 

The  drift  is  undoubtedly  wholly  absent  from  some  portion  of 
the  Kansan  area,  since  in  this  county  it  is  everywhere  thin  and 
might  readily  be  removed  from  considerable  areas.  It  is  not 
continuous  but  has  an  irregular,  patchy  border.  In  Highland 
township,  and  on  the  ridge  in  southern  Boardman  and  northern 
Cox  Creek  townships,  no  drift  was  seen.  At  a  numl)er  of  points 
the  residual  clays  of  tlie  Niagara  ap{)ear  at  the  surface  or  are 
covered  only  by  a  layer  of  loess.  But  since  the  extent  of  these 
areas  within  the  Kansan  border  is  unknown  they  have  not  been 
mapped  as  driftless,  except  in  the  case  of  the  valley  of  the  Little 
Turkey  river  where  they  are  more  clearly  defined. 

Buchanan  Gravels, — When  the  ice  sheet  which  had  formed  the 
Kansan  drift  began  to  melt  and  withdraw  from  the  surface  the 
streams  flowing  from  it  were  loaded  with  sand  and  gravel.  These 
materials  were  deposited  and  accumulated  as  beds  of  gravel 
resting  on  the  older  drift,  or  when  the  latter  is  absent,  on  the 
bed  rock.  These  have  been  named  the  Buchanan  gravels  by 
Calvin  from  their  occurrence  in  the  county  of  the  same  name.* 
The  best  exposure  of  these  found  in  Clayton  county  is  a  little 
over  one  mile  south  of  Elkader,  in  the  northeast  quarter  of  Sec- 
tion 34,  Boardman  township.  The  gravel  is  reddish  brown  in 
color,  is  highly  ferruginous,  mixed  with  considerable  coarse 
sand,  and  contains  pebbles  and  small  bowlders  of  rotted  granite, 
diabase  and  other  igneous  rocks.  Most  of  the  pebbles  are  com- 
posed of  quartz  in  the  form  of  chert,  derived  no  doubt  from  the 
Niagara  limestone.  From  long  exposure  the  deposit  has  become 
greatly  oxidized  and  is  deeply  iron  stained.  So  abundant  is  the 
iron  that  the  gravel  is  in  places  cemented  by  it.  The  bed  as 
exposed  shows  a  thickness  of  ten  to  fifteen  feet,  extends  along 
the  road  for  200  to  300  feet  and  lies  nearly  200  feet  above  the 
Turkey  river.  It  is  covered  by  one  or  two  feet  of  loess.  The 
same  coarse  ferruginous  gravel  appears  along  the  road  one  mile 

•Iowa  Geol.  Survey,  Vol.  VIII,  p.  241. 
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west  of  Volga,  where  it  contains  numerous  small  bowlders.  It 
is  seen  resting  on  the  Maquoketa  shale  in  the  valley  of  the 
Turkey  river  in  the  southeast  quarter  of  section  19,  Marion 
township.  Many  large  Kansan  bowlders,  some  four  or  five  feet 
in  diameter,  occur  along  the  creek  near  by.  The  Buchanan  grav- 
els were  observed  at  other  points  in  the  region,  always  present- 
ing the  appearance  of  having  been  much  weathered  and  oxidized. 

lOWAN  STAGE. 

loivan  drift. — The  lowan  drift  covers  only  a  small  area  in 
Clayton  county,  including  parts  of  Cass  and  Lodomillo  town- 
ships and  one  or  two  sections  in  southwestern  Sperry.  The  area 
is  represonted  on  the  Pleistocene  map  accompanying  this  report. 
The  border  lies  from  one-quarter  to  two  miles  north  of  the  Chi- 
cago, Milwaukee  &  St.  Paul  railroad,  the  road  following  tlie 
level  plain  of  the  lowan  drift.  As  was  stated- in  the  discussion 
of  the  topography  of  this  region,  the  margin  is  marked  in  most 
places  by  a  ridge  or  a  series  of  hills  and  ridges  composed  of 
drift  and  loess,  rising  fifty  to  sixty  feet  above  the  surrounding 
surface.  The  marginal  ridge  is  well  shown  at  Strawberry  Point, 
in  the  eastern  part  of  town,  and  continuing  for  a  mile  or  more  in 
the  same  direction. 

The  lowan  drift  presents  a  very  different  appearance  from 
the  Kansan.  It  is  gray  in  color,  not  having  suffered  the  oxida- 
tion of  the  older  till,  its  granite  bowlders  are  fresh  and  little 
affected  by  weathering,  it  is  not  covered  by  loess,  except  near 
the  margin,  and  its  surface  is  characterized  by  the  presence  of 
numerous  large  bowlders  of  coarse-grained  granite.  The  con- 
trast between  the  two  drift  sheets  is  always  striking.  The  red- 
dish brown  Kansan  drift  is  covered  by  loess  which  forms  a  light 
colored  soil,  while  that  of  the  lowan  drift  is  black,  the  surface  is 
dotted  with  large  bowlders  and  there  is  no  covering  of  loess. 
The  older  drift  has  undergone  much  erosion  and  streams  havp 
cut  deep  channels,  while  the  younger  has  a  level  and  poorly 
drained  surface. 

The  character  of  the  lowan  drift  is  well  exhibited  in  several 
outcrops  in  the  vicinity  of  Strawberry  Point.  Beside  the  road 
just  north  of  town  six  feet  of  gray  bowlder  clay  are  exposed. 
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oyerlain  by  three  feet  of  loess.  The  clay  has  suffered  very  lit- 
tle leaching  and  effervesces  strongly  with  acid ;  its  iron  constit- 
uents are  not  oxidized  and  the  granite  bowlders  are  not  decom- 
posed. One  composed  of  biotite  gneiss  was  seen  here  with  its 
feldspar  and  other  minerals  still  fresh  and  bright.  Only  near 
the  margin  is  the  lowan  drift  covered  by  loess,  as  in  the  above 
exposure,  and  elsewhere  this  gray  mantle  is  absent.  The  light 
yellow  bowlder  clay  is  also  seen  just  south  of  the  school  house  on 
the  line  between  sections  23  and  24  of  Cass  township,  where  the 
wagon  road  cuts  through  the  marginal  ridge.  At  this  point  the 
drift  is  overlain  by  ten  feet  of  loess.  The  numerous  large  bowld- 
ers which  are  such  a  conspicuous  feature  of  the  lowan  surface 
are  well  displayed  in  section  6  of  Cass  township,  along  the  roads 
southwest  of  Strawberry  Point  and  elsewhere.  In  some  parts  of 
the  lowan  area  the  drift  is  wanting,  the  Niagara  limestone  or  its 
residual  clay  outcropping  at  the  surface.  Such  small  drlftless 
areas  were  observed  in  sections  5,  6,  8,  9  and  16  of  Cass  town- 
ship. 

The  thickness  of  the  lowan  drift  at  some  points  near  the 
border  is  shown  by  wells  to  be  from  100  to  170  feet  while  at  other 
points  it  is  nothing.  The  well  at  Strawberry  Point  went  through 
125  feet  of  drift  and  loess  before  reaching  the  Niagara  and 
another  located  on  the  ridge  one-half  mile  east  of  town  pene- 
trated 172  feet  of  loess  and  till  before  striking  bed  rock.  The 
thickness  is  probably  somewhat  less  than  this  back  some  dis- 
tance from  the  border  where  the  drift  has  not  been  heaped  up 
into  morainal  hills  and  ridges;  and  in  some  areas,  as  stated 
above,  it  is  very  thin  and  even  absent.  A  well  sunk  about  two 
miles  north  of  the  lowan  margin,  in  the  northwest  quarter  of 
section  18,  Lodomillo  township,  went  through  only  fifty  feet  of 
loess  and  Kansan  drift. 

Loess, — The  fine,  light  yellow,  homogeneous  silt  known  as 
loess  forms  the  superficial  deposit  over  nearly  the  entire  county. 
In  th?  driftless  area  it  rests  on  the  residual  clays  and  sands 
while  in  that  of  the  Kansan  it  overlies  the  reddish  brown,  oxi- 
dized till  or  the  ferruginous  Buchanan  gravels.  The  only  por- 
tion of  the  region  from  which  the  loess  is  absent  is  the  lowan 
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drift  plain  in  the  southwestern  corner.  This  light  colored  de» 
posit,  which  is  fresh  and  unleached,  presents  a  sharp  contrast  to 
the  weathered,  brown  and  oxidized  clays  on  which  it  rests.  It  is 
believed  that  the  loess  was  deposited  during  the  time  that  the 
lowan  ice  sheet  was  at  its  maximum  development,  or  shortly 
after  its  retreat,  and  thus  that  it  is  of  about  the  same  age  as  the 
lowan  drift.  The  fine  materials  of  the  deposit  were  spread  out 
over  the  surface  beyond  the  lowan  margin  either  by  wind  or 
water  or  by  the  combined  action  of  both  agents.  Recent  investi- 
gations point  to  the  wind  as  the  chief  factor  in  the  transporta- 
tion and  deposition  of  the  loess.  The  character  of  the  fossils, 
which  are  almost  invariably  the  shells  of  land  snails,  and  certain 
peculiarities  about  the  distribution  of  the  deposit,  lead  to  the 
belief  that  in  many  instances  at  least,  if  not  in  all,  -the  wind  was 
instrumental  in  the  formation  of  the  loess.  Little  evidence  of 
stratification  was  observed  in  the  loess  in  Clayton  county.  In 
thickness  it  varies  considerably,  ranging  from  zero  to  twenty 
feet.    The  aveiage  thickness  is  probably  not 'over  ten  feet. 

Terraces. — ^At  many  points  along  the  Turkey  and  Volga  rivers 
gravel  terraces  form  conspicuous  features  of  the  valleys.  They 
were  formed  when  the  streams  had  a  larger  volume  than  today 
and  were  loaded  with  an  abundance  of  coarse  sediment,  such  as 
sand  and  gravel.  Through  the  deposition  of  these  materials  the 
floors  of  the  valleys  were  built  up.  Later,  when  the  rivers  car- 
ried less  sediment,  they  began  to  cut  into  their  former  flood 
plain  deposits,  leaving  the  remnants  of  the  latter  as  terraces 
along  the  sides  of  the  valleys. 

On  the  Turkey  river  the  broad  and  well  preserved  terrace 
near  the  Fayette  county  line  has  a  height  of  fifty  feet  above  the 
river.  It  is  exceptionally  well  exhibited  in  the  vicinity  of 
Elkader,  where  it  rises  fifty-five  feet  above  the  water  below  the 
dam.  The  two  cemeteries,  the  Court  House  and  much  of  the 
town  east  of  the  river  are  built  on  this  terrace.  The  sand  and 
gravel  pit  near  the  railroad  station  is  located  in  it.  About  three- 
quarters  of  a  mile  below  town,  along  the  railroad,  the  terrace  has 
been  cut  into  by  gullies  and  has  been  badly  washed  by  hard  rains, 
so  that  the  gravel  and  sand  are  excellently  shown  (see  Fig.  36). 
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Many  of  the  pebbles  composing  it  are  of  igneous  rock  similar  to 
those  of  the  drift.  In  the  bend  to  the  west,  just  south  of  town, 
the  stream  is  cutting  into  and  undermining  the  gravel  deposit. 
At  Osterdock  the  terrace  is  sixty  feet  above  the  river.    . 


Fie:.  36— Grayel  terrace  on  Turkey  river,  one  mile  below  Elkader. 

Terraces  appear  at  numerous  points  along  the  Volga.  At  the 
town  of  this  name  there  is  a  broad  and  conspicuous  terrace  thirty 
feet  above  the  stream  and  a  lower  one  or  second  bottom,  with  an 
elevation  of  ten  feet.  I^arge  numbers  of  agates  here  occur 
among  the  pebbles  of  the  terrace.  At  Osborne  it  is  forty-five 
feet,  at  Mederville  fifty  feet,  and  at  El  port  seventy-five  feet 
above  the  river.  Near  the  confluence  of  the  Turkey  and  Volga, 
at  Elkport,  there  is  an  upper  and  lower  terrace,  the  one  seventy- 
five,  and  the  other  forty  feet  high. 

These  gravels  exposed  along  the  Turkey  and  Volga  rivers  are 
probably  of  glacial  origin  but  with  what  drift  sheet  they  corre- 
spond in  age  is  uncertain.  Th(\y  do  not  resemble  the  ferrugin- 
ous Buchanan  gravels  since  they  are  fresh  and  light  colored. 
They  nre  similar  to  the  gravels  of  the  Wisconsin  ice  sheet,  but 
the  latter  did  not  invade  the  drainage  areas  of  any  of  the  Clay- 
ton county  rivers  except  the  Mississippi,  so  that  the  outwash 
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material  of  the  ice  sheet  could  hardly  reach  the  valleys  of  the 
district.  They  did,  however,  fill  the  preglacial  valley  of  the 
major  stream  to  a  depth  of  147  feet,  as  shown  by  the  deep  well 
at  Prairie  du  Chien.  These  Wisconsin  gravels  appear  in  the 
gravel  pit  just  below  Guttenberg,  beside  the  railroad  track. 

ALLUVIUM. 

Alluvial  deposits  are  found  on  the  flood  plains  of  the  larger 
streams,  covering  considerable  areas  along  the  Mississippi, 
Turkey  and  Volga  rivers.  These  deposits  are  composed  of  the 
fine  and  coarse  sediments  laid  down  by  a  river  on  its  valley 
bottom  during  times  of  flood.  Occasionally  the  thickness  of  the 
alluvium  deposited  during  a  single  flood  is  suflScient  to  raise  the 
level  of  the  plain  very  perceptibly.  During  the  high  water  of 
the  summer  of  1903  the  town  of  Elkport  was  several  times 
flooded  and  when  the  waters  receded  the  surface  was  seen  to  be 
covered  by  a  layer  of  black,  slimy  mud  from  one  to  six  inches 
and  more  in  thickness,  the  thickest  deposit  being  near  the  river. 
Where  material  had  been  washed  down  from  the  sides  of  the 
valley  the  addition  to  the  flood  plain  was  in  places  as  much  as 
two  or  three  feet,  half  burying  fences  so  that  only  the  tops  of 
the  posts  project  above  the  mud  layer.  Over  wide  areas  the 
thickness  of  the  fresh  alluvium  was  nearly  a  foot. 

There  are  extensive  alluvial  bottoms  along  the  Mississippi 
and  narrower  ones  bordering  the  Turkey  and  Volga  rivers  along 
parts  of  their  courses  in  Clayton  county.  Only  the  larger  areas 
can  be  represented  and  these  are  shown  on  the  Pleistocene  map. 

Deformations  and  Unconformities. 

The  strata  of  this  region  have  been  but  slightly  disturbed 
from  their  original  horizontal  or  nearly  horizontal  position. 
They  have  a  very  gentle  dip  to  the  southwest  and  there  are  one 
or  more  low  anticlinal  folds.  In  the  vicinity  of  Sny  Magill 
creek,  between  McGregor  and  Clayton,  the  presence  of  a  gentle 
anticline  is  indicated  by  the  increased  dip  of  the  beds  on  one  side 
and  the  lessened  dip  on  the  opposite  side. 

The  indurated  rocks  form  a  continuous  series  conformable 
among  themselves  but  between  them  and  the  drift  there  is  a  dis- 
1  inct  unconformity.    The  Pleistocene  deposits  were  laid  down  on 
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an  old  eroded  land  surface  that  for  ages  had  been  exposed  to 
denudation.  The  two  drift  sheets  are  likewise  unconformable 
between  themselves,  the  lowan  drift  and  loess  resting  uncon- 
formably  upon  the  Kansan. 

ECONOMIC  QEOLOQT. 
SoUs. 

Several  varieties  of  soil  are  found  in  Clayton  county.  Cov- 
ering by  far  the  larger  part  of  the  area  is  the  loess,  which  forms 
a  light,  loose  and  porous  soil.  This  rests  either  on  the  Kan- 
san drift  or  on  the  residual  clay  of  the  driftless  area.  The 
porous  and  usually  quite  calcareous  loess  affords  an  excellent 
soil  for  agricultural  purposes  and  is  adapted  to  the  growth 
alike  of  grasses,  grains  and  fruits.  The  Kansan  drift  is  every- 
where covered  by  a  greater  or  less  thickness  of  loess  and  the 
same  deposit  forms  the  soil  of  the  driftless  area  except  where 
erosion  has  removed  it  from  the  steeper  slopes. 

The  lowan  drift  of  the  southwestern  townships  forms  a  rich, 
dark,  loamy  soil  of  great  fertility.  The  level  character  of  the 
surface  of  the  lowan  makes  its  cultivation  less  difficult  than* 
the  rough  portion  of  the  driftless  area  or  even  of  the  Kansan. 
Still  a  third  variety  of  soil  is  furnished  by  the  alluvium  of  the 
stream  valleys.  This  is  unexcelled  for  productiveness  and  its 
continual  replenishment  during  times  of  flood  causes  it  to  main- 
tain its  fertility. 

Building  Stone. 

Clayton  county  is  abundantly  supplied  with  excellent  build- 
ing stone,  the  Niagara,  Galena-Trenton  and  Oneota  formations 
all  being  quarried. at  a  number  of  points.  The  attempt  has 
not  been  made  to  locate  all  the  quarries  on  the  map,  there  being 
many  which  are  abandoned  or  worked  occasionally,  and  only 
the  larger  and  more  important  ones  are  given. 

Quarries  m  the  Oneota, — The  outcrops  of  the  Oneota  lime- 
stone are  confined  to  the  bluffs  of  the  Mississippi  and  the 
tributary  valleys  in  Mendon  and  Clayton  townships.  The  rock 
has  been  quarried  about  one  and  a  half  miles  above  North 
McGregor,  on  Bloody  Run,  and  in  McGregor.    The  quarries 
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are  located  near  the  base  of  the  formation  thirty  feet  or  less 
above  the  Saint  Croix  sandstone.  A  small  opening  has  been 
made  in  these  beds  near  the  public  park  at  McGregor,  where 
there  are  six  feet  of  excellent  dolomite. 

Quarries  in  the  Galena-Trenton, — There  are  several  horizons 
in  this  formation  which  furnish  building  stone.  One  of  these 
lies  near  the  base,  in  the  ** Lower  Buff  Beds".  The  rock  is  a 
fine-grained  limestone,  blue  weathering  to  buff,  lying  in  beds 
from  eight  inches  to  two,  three,  or  four  feet  in  thickness.  It 
breaks  readily  along  the  bedding  planes  into  slabs  of  almost 
any  thickness  and  in  places  is  cut  by  vertical  joints.  These 
lower  beds  are  worked  in  the  Boyle  quarry  at  McGregor  and 
in  the  quarries  along  the  base  of  the  bluff  at  Guttenberg.  They 
have  a  thickness  of  from  fifteen  to  twenty  feet. 


Fifir.  87— stone  bridsre  at  Elkader;  built  of  Galena  limestone. 

The  Galena  dolomite  is  quarried  at  numerous  points,  most 
of  the  quarries  being  near  the  top  of  the  formation.  In  this 
upper  horizon  are  the  Stoops  quarry  at  Elkader,  where  the 
rock  for  the  stone  bridge  (Fig.  37)  was  taken  out;  the  Ferguson 
quarry  one  and  a  half  miles  north  of  Monona  and  that  near 
Luana;  the  Stickfort  quarry  southeast  of  Garnavillo  and  the 


GEOLOGY  OF  CLAYTON  COUNTY. 

Schoulte  quarry  one  and  a  half  miles  north  of  National.  The 
Thoreson  quarry,  about  one  mile  west  of  Farmersburg,  is  in 
beds  which  lie  twenty-five  to  thirty-five  feet  below  the  top  of 
the  Galena-Trenton  and  the  Embertson  quarry,  east  of  St. 
Olaf,  is  about  sixty-five  feet  below  the  Maquoketa  shale.  The 
rock  in  these  two  quarries  is  a  blue  and  buflF,  compact,  non-dolo- 
luitio  limestone  occurring  in  beds  two  to  fifteen  inches  thick. 
Many  of  the  layers  are  separated  by  reddish  marly  partings 
from  a  fraction  of  an  inch  to  two  inches  thick.  The  Galena 
dolomite  is  quarried  at  several  points  in  Cox  Creek  township; 
in  the  southwest  quarter  of  section  16  and  in  the  northeast 
quarter  of  section  20.  The  transition  beds  at  the  base  of  the 
Galena  dolomite  have  been  quarried  at  the  old  Dehn  quarry, 
about  two  miles  east  of  Garnavillo,  and  these  beds  also  furnish 
the  stone  for  the  limekilns  at  Guttenberg. 

Quarries  in  the  Niagara. — The  Niagara  limestone  is  quarried 
at  two  different  horizons  in  widely  separated  portions  of  the 
county.  In  the  small  Niagara  outlier  just  southwest  of  Gunder 
there  are  two  quarries  belonging  to  Mr.  R.  L.  Rierson.  They 
are  located  in  beds  at  the  base  of  the  formation  and  fifteen  feet 
of  dolomite  are  exposed.  The  rock  is  in  heavy  beds,  compact 
and  buff  colored.  The  large  Wilkes  Williams  quarry,  five  or 
six  miles  northwest  of  here  and  close  to  the  line  between  Clay- 
ton and  Fayette  counties,  is  in  these  same  strata  inmiediately 
overlying  the  Maquoketa  shale.  At  the  bottom  is  a  single  ledge 
of  even-textured  dolomite  ranging  in  thickness  from  four  feet, 
eight  inches  to  eight  feet,  with  a  one  inch  clay  parting  in  places. 
Overlying  this  is  a  persistent  twenty  inch  bed  of  very^unifornj 
character  and  constant  thickness  and  then  above  are  seven  and 
a  half  feet  of  quarry  beds,  though  the  upper  eighteen  inch  layer 
is  cherty  and  suitable  only  for  rubble  and  broken  stone. 

The  quarries  in  the  vicinity  of  Strawberry  Point  are  in  a 
horizon  sixty  to  seventy  feet  above  the  base  of  the  Niagara. 
The  quarry  of  W.  S.  Sousley,  which  has  been  worked  thirty-five 
years,  is  on  the  side  of  the  valley  formed  by  the  headwaters  of 
Spring  Creek,  in  the  northwest  quarter  of  section  15,  Cass  town- 
ship. From  fifteen  to  twenty  feet  of  rock  are  exposed  in  the 
quarry.    The  best  stone  lies  at  the  base,  where  the  dolomite  is 
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almost  white,  free  from  chert  and  in  ledges  from  three  or  four 
inches  to  one  and  a  half  or  two  and  a  half  feet.  This  rock  is 
soft  when  first  removed  but  grows  hard  upon  exposure.  Above 
the  white  beds  is  a  buff,  coarse-textured  dolomite  containing 
some  chert,  and  occurring  in  ledges  from  one  and  a  half  to  four 
feet  thick.  The  Glass  quarry,  which  is  in  the  same  horizon,  is 
located  in  the  northwest  quarter  of  section  24,  Cass  township. 
Most  of  the  stone  quarried  in  Clayton  county  is  used  locally 
and  little  or  none  is  shipped  except  from  the  Williams  and 
Boyle  quarries. 

Clay. 

Several  of  the  formations  occurring  in  the  area  under  dis- 
cussion furnish  clays  which  are  suitable  for  the  manufacture 
of  brick,  tile  and  other  clay  products,  but  these  are  not  at  the 
present  time  utilized  as  much  as  they  might  be.  The  loess, 
alluvium  and  Maquoketa  shale  are  used  in  the  several  brick 
yards.  The  Trenton  limestones  contain  shale  beds  at  several 
horizons,  but  these  have  not  been  made  use  of  either  in  Clayton 
or  any  of  the  adjoining  counties.  From  two  to  three  feet  of 
shale  occur  at  the  base  of  the  formation  and  these  are  exposed 
at  McGregor,  Clayton  and  just  above  Guttenberg.  They  are 
not  of  sufficient  thickness  to  be  availalile  for  making  brick. 
About  fifty  feet  above  the  base  of  the  Trenton  series  is  a  second 
shale  member,  corresponding  to  the  shale  at  Decorah,  five  or  six 
feet  in  thickness.  This  might  furnish  a  good  clay  in  some 
places  but  it  commonly  contains  lenses  and  bands  of  fossili- 
ferous  limestone  and  calcareous  nodules  which  render  it  unsuit- 
able. It  is  well  exposed  in  the  ravines  about  McGregor,  Clay- 
ton and  one-auarter  of  a  mile  above  Buena  Vista. 

The  Maquoketa  formation,  on  the  other  hand,  furnishes  clay 
of  excellent  quality  for  the  manufacture  of  various  clay  prod- 
ucts. The  upper  Maquoketa  contains  from  sixty  to  ninety  feet 
of  shale  and  good  outcrops  of  this  occur  near  St.  Sebald,  three 
miles  north  of  Strawberry  Point;  at  Newberry  Park,  one  mile 
and  a  half  northeast  of  the  same  place;  at  Bixby's  Park,  one 
mile  and  a  half  north  of  Edgewood;  in  the  vicinity  of  Volga 
and  on  the  Turkey  river  near  the  Fayette  county  line. 
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The  following  is  an  analysis  of  the  shale  from  near  St. 
Sebald,  in  the  northeast  quarter  of  section  33,  Sperry  township, 
on  one  of  the  small  tributaries  of  Hewett  creek. 

SiHca 52.29 

Alumioa 20.64 

Combined  water 5.17 


Clay  and  sftDd 78  10 

Iron  ox'de 5.16 

Lim« 189 

Magnesia 1  12 

Potaih 2.77 

Soda 8  27 


Total  fluxM 19.21 

Moisture,  sulphur  triozide  and  carbon  diozi  e 2.76 

Rational  Analysis- 

Clay  substance 70  65 

Feldspar 2  57 

Quartz 26  78 

100.00 

This  clay  is  well  adapted  to  the  manufacture  of  the  common 
clay  products  but  is  especially  well  suited  to  the  production  of 
hollow  ware. 

Edgeivood. — The  brick  and  tile  plant  of  Myron  Mellon  is 
located  at  Edgewood.  Blue  Maquoketa  shale  and  loess  are  used. 
The  shale  is  obtained  two  miles  north  of  town  just  above 
Bixby's  Park  on  Bear  creek.  It  is  from  the  top  of  the  Maquo- 
ketn  formation.  This  clay  shale  is  mixed  with  varying  pro- 
port'o'is  of.  loess  procured  from  the  ridge  just  north  of  Edge- 
wood.  For  brick  and  three  inch  tile  the  proportion  is  one- 
third  Maquoketa  clay  and  two-thirds  loess;  for  six  and  eight- 
inch  tile  it  is  one  fourth  clay  shale  and  three-fourths  loess. 
The  more  of  the  Maquoketa  clay  that  is  used  the  harder  the  brick 
or  tile.     This  material  alone  makes  an  extremely  hard  brick. 

The  plant  has  a  Brewer  Brick  and  Tile  Machine,  a  Penfield 
crusher,  thirty  horsepower  engine  and  thirty  horsepower  boiler. 
The  product  is  burned  in  a  downdraft  kiln,  after  drying  in 
large  drying  sheds.  The  clay  burns  to  a  salmon  red  color  and 
the  brick  and  tile  are  hard  and  of  good  quality. 
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An  analysis  of  the  Maqnoketa  shale  used  here  shows  a  com- 
position differing  considerably  from  that  of  the  clay  near  St. 
Sebald.    It  is  as  follows: 

Silica 44  39 

Altunioa 13.72 

Combined  watei .12.18 


Clay  and  sand 70,29 

Ircnozid« 7.80 

Lime 7.88 

Mag^nesia 6  05 

PoUsh 1  56 

Soda 5.29 


Total  fluxes  28.58 

Moisture 0  89 

Rational  Analysis, 

Clay  substance  40  61 

Feldspar  4.62 

Quartz 28.00 

Lime  and  Magnesia  Carborate 26. 77 

It  will  be  seen  that  this  clay  contains  a  strikingly  high  per- 
centage of  lime  and  magnesimn  carbonate  but  it  produces  a 
strong  and  durable  ware  when  properly  burned. 

Monona. — The  Monona  Brick  works  are  operated  ])y  George 
J.  Jenkins  and  have  been  running  twelve  years.  The  plant  is 
located  in  the  west  edge  of  town  beside  the  Chicago,  Milwaukee 
and  St.  Paul  track.  The  material  used  is  loess  clay  and  twelve 
feet  of  this  are  exposed  in  the  pit.  The  upper  eight  feet  are 
yellow  or  buff  and  the  lower  ioux  feet  are  blue  and  somewhat 
sandy.  The  brick  burn  to  a  red  or  dark  brown  color  and  are  of 
good  quality,  being  durable  and  keeping  their  color  well.  They 
find  a  ready  sale  in  Monona  and  the  surrounding  region.  A 
Quaker  brick  machine,  made  at  Wellington,  Ohio,  is  used  and 
has  a  capacity  of  16,000  brick  a  day.  The  moulds  are  sanded 
to  prevent  the  clay  from  sticking  to  them,  a  fine  river  sand  from 
Dubuque  being  employed.  The  brick  are  first  dried  on  the 
ground  in  the  sun  and  are  later  transferred  to  sheds  open  at 
the  sides.  They  are  burned  in  two  downdraft  and  two  updraft 
kilns. 

Guttenherg, — There  are  two  brickyards  near  this  place,  both 
located  around  the  point  of  the  bluff  in  the  valley  of  Miner, 
creek.  One  of  these  is  owned  by  Mr.  M.  Burr  and  has  been 
in  operation  five  years.    An  alluvial  clay  is  used,  part  of  it 
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obtained  from  the  bottom  along  the  creek  and  part  from  a  ter- 
race near  by  in  which  the  material  is  a  stratified  clay  and  sand 
deposit.  It  is  sandy  towards  the  top  but  near  the  bottom  of 
the  pit  is  quite  a  stiff  clay.  These  materials  are  mixed  in  the 
proportion  of  two-thirds  of  black  alluvium  to  one-third  of  the 
sandy  clay  of  the  terrace.  The  brick  are  made  in  an  Anderson 
brick  machine  manufactured  at  Anderson,  Indiana,  dried  in 
two  drying  sheds  and  burned  in  a  temporary  kiln.  The  yard 
is  operated  five  or  six  months  of  the  year  and  employs  seven 
or  eight  men. 

The  second  brickyard,  owned  by  I.  K.  Kohler,  is  located  near 
the  cemetery.  The  clay  is  here  obtained  from  a  terrace  rising 
fifty  feet  above  Miner  creek  and  composed  of  a  stratified  sandy 
clay.  The  material  exposed  in  the  pit  varies  from  a  stiff  clay, 
through  sandy  clay  to  almost  pure  sand.  The  brick  are  liand 
made,  dried  in  sheds  and  burned  in  temporary  kilns. 

Lime. 

Clayton  county  is  well  supplied  with  magnesian  limestones 
suitable  for  lime,  and  these  are  burned  at  several  points.  There 
are  two  kilns  at  Guttenberg,  one  two  miles  northeast  of  Elka- 
der,  and  lime  was  formerly  burned  by  John  Dehn  at  his  place 
about  two  miles  east  of  Garnavillo.  At  Guttenberg  the  rock 
used  by  Frank  Stoeffler  and  George  Koehler  in  their  kilns  is 
from  the  mottled  transition  beds  lying  between  the  non-dolo- 
mitic  limestone  and  the  completely  dolomitized  Galena.  Anal- 
ysis shows  that  the  rock  contains  about  16  per  cent  of  magne- 
sium carbonate  and  is  therefore  intermediate  in  composition 
between  true  dolomite  and  pure  limestone.  The  beds  are  quar- 
ried in  the  bluff  above  the  lime  kilns  located  at  the  base,  are 
broken  into  small  fragments  and  the  rock  is  allowed  to  slide 
down  the  steep  slope  to  the  top  of  the  kilns. 

Charles  Lee  has  a  lime-kiln  near  Elkader  and  the  limestone 
burned  here  is  from  the  thin  bedded  Trenton  formation. 

The  other  magnesian  limestone  formations  of  the  county 
would  make  good  lime.  The  Oneota  dolomite  has  been  burned 
in  Allamakee  county,  and  thq  Niagara  at  various  points  in  Del- 
aware county,  affording  an  excellent  lime.    The  large  and  well 
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equipped  plant  at  Eagle  Point,  Dubuque,  uses  forty  feet  of 
Galena  dolomite  lying  fifty  feet  above  the  top  of  the  *' Green 
Shales '^ 

Glass  Sand. 

The  Saint  Peter  sandstone  furnishes  a  sand  of  such  purity 
that  it  is  suitable  for  use  in  the  manufacture  of  glass. 

The  following  is  an  analysis  of  a  sample  from  Clayton  after 
the  material  has  been  washed : 

Silica    (SiO,) 98  (H 

Alumina  (Al,()s)  and  ferric  oxide  (F«,Os) 60 

Calcium   oxide  lCa(») 33 

Ma^^nesium  oxide  (Mg^O  ) l4 

The  chief  locality  in  Clayton  county  where  the  sand  is  ob- 
tained is  a  large  pit  near  Clayton.  This  is  located  in  a  ravine 
a  short  distance  back  from  the  river  where  thirty  to  forty  feet 
are  exposed.  The  sand  is  easily  dug  with  a  pick  and  broken 
into  fragments  five  or  six  inches  in  diameter.  Then  a  strong 
current  of  water  is  turned  on,  which  causes  the  pieces  to 
crumble  and  the  sand  is  washed  into  a  long  wooden  trough 
leading  to  the  railroad.  As  it  is  carried  along  this  trough  by 
the  water  it  is  thoroughly  washed  and  is  conveyed  into  a  large 
tank.  Here  the  water  is  drawn  oflF  and  the  sand  is  loaded 
directly  on  the  cars. 

This  pit  is  owned  by  Mr.  J.  H.  Buhlman  and  much  material 
has  been  removed.  There  is  a  large  abandoned  pit  just  east 
of  the  one  at  present  worked.  Sand  has  been  taken  from  this 
locality  for  thirty  years.  It  is  shipped  to  the  glass  factories 
at  Clinton,  and  to  Milwaukee  for  use  in  several  malleable  iron 
works  there. 

Throughout  much  of  the  extent  the  Saint  Peter  sand  is  col- 
ored by  iron  oxide  but  there  are  a  number  of  places  in  the  bluffs 
of  the  Mississippi  where  it  is  white  and  pure  enough  to  furnish 
glass  sand. 

Road  Materials. 

Good  materials  for  road  building  are  found  in  many  parts 
of  the  county,  but  little  use  has  yet  been  made  of  them.  The 
limestones  of  the  Lower  Magnesian,  Galena-Trenton  and  Niag- 
ara when  broken  up  would  furnish  stone  for  macadam  and  the 
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supply  is  inexhaustible.  The  glacial  gravels  are  another 
source  and  these  are  ready  for  use.  The  ferruginous  gravels 
near  Elkader  have  already  been  mentioned ;  the  iron  is  so  abun- 
dant as  to  form  a  cement  and  the  material  packs  well.  The 
terrace  gravels  along  the  Turkey  and  Volga  rivers  could  be 
used  to  advantage  and  have  been  employed  to  some  extent  at 
Elkader  and  elsewhere.  There  are  two  large  gravel  pits  a 
short  distance  below  Guttenberg.  From  the  one  just  south  of 
the  railroad  bridge  over  Miner  jcreek  the  Chicago,  Milwaukee 
and  St.  Paul  road  has  taken  large  quantities  of  gravel  for  bal- 
last. 

Lead. 

Lead  has  in  the  past  been  mined  in  considerable  quantities 
at  two  points  in  Clayton  county,  Guttenberg  and  Buena  Vista. 
At  the  present  time  it  is  mined  only  on  a  small  scale.  The 
work  is  carried  on  mostly  by  laboring  men  who  have  no  other 
work  during  the  winter  months  and  put  in  their  spare  time 
prospecting  for  galena.  Hardly  enough  lead  is  obtained  to  pay 
for  the  labor  of  getting  it  out  ^ 

At  Buena  Vista  mining  was  begun  in  1851  in  township  91 
north,  range  I  west,  section  28,  northeast  quarter.  Two  nearly 
east  and  west  ranges  have  been  worked,  and  both  are  formed 
by  three  main  parallel  crevices  with  several  minor  ones.  The 
ore  in  the  south  range  occurred  in  a  large  body  at  the  surface. 
The  mine  was  on  a  side  hill  where  the  overlying  strata  have 
been  eroded,  leaving  the  deposit  exposed.  It  was  worked  by 
an  open  cut  and  yielded  lead  in  generous  measure.  The  crev- 
ice was  followed  700  feet  west  of  the  ore  body,  but  without  fur- 
ther discoveries.  The  fissure  is  open  up  to  the  surface,  where 
it  is  from  one  to  three  feet  wide,  and  is  filled  with  clay  and  soil. 
One  crevice  in  the  north  range  has  been  worked  by  a  level  run 
into  the  hillside.  Mining  has  been  carried  on  here  at  intervals 
for  over  thirty  years,  and  although  no  record  has  been  kept, 
the  mine  is  known  to  have  produced  large  quaAtities  of  galena. 
Some  zinc  carbonate  occurs  in  this  same  locality,  but  not  in 
paying  amounts.  Several  specimens  of  the  lead  carbonate, 
cerussite,  were  obtained  here,  and  one  of  them  analyzed  by 
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Ot.  E.  Patrick  yielded  69.67  per  cent  of  lead.  It  occurs  only  in 
small  quantities  and  has  been  derived  by  alteration  from  the 
galena.  For  many  years  little  has  been  done  in  these  mines, 
although  some  prospecting  has  been  carried  on  from  time  to 
time.  The  deposits  are  lower  in  the  Galena  limestone  than  at 
Dubuque,  but  not  at  the  base  of  the  formation  as  at  Guttenberg. 

The  Guttenberg  mines  are  about  three  miles  northwest  of 
town  on  Miner  Creek.  The  larger  diggings  were  in  section  7, 
township  92  north,  range  II  west,  but  there  were  others  in  sec- 
tion 18,  same  township  and  range  and  in  sections  11  and  12,  town- 
ship 92  north,  range  III  west.  The  lead  is  found  in  the  lower  part 
of  the  Galena  beds,  occurring  in  the  mottled,  magnesian  lime- 
stone forming  the  transition  beds  already  referred  to.  Miner 
creek  and  its  tributaries  have  cut  deeply  into  the  Galena  forma- 
tion, and  the  mines  are  located  chiefly  on  the  sides  of  the  valleys 
which  have  in  places  cut  across  the  east  and  west  crevices.  The 
partially  dolomitized  limestone  is  found  along  the  creek  as  far 
as  Mr.  Rodenberg's  place  and  some  distance  beyond. 

For  some  years  the  Holmes  mine  was  the  largest  in  the  dis- 
trict. The  opening,  which  is  in  places  fifty  feet  wide,  was  fol- 
lowed 2,000  feet.  The  cap  rock  forms  a  flat  roof  without  fis- 
sure. The  lead  ore  lay  loose  on  the  crevice  material  occupying 
the  cavity,  and  was  easily  removed  without  blasting.  Crossing 
the  Holmes  range  was  a  ** quartering"  northeast  and  south- 
west, which  was  rich  in  ore.  A  north  and  souj:h  fissure  close 
by  also  carried  considerable  amounts.  The  mineral  in  the 
Holmes,  as  not  unfrequently  occurs  in  the  mines,  ** jumped" 
from  one  east  and  west  to  another  parallel  crevice  of  the  same 
range.  In  this  case  the  opening  in  the  crevice  followed  became 
narrow  and  the  galena  gradually  disappeared,  but  only  to  re- 
appear in  the  other  crevice.  In  all  the  specimens  seen  from 
the  Guttenberg  district  the  lead  was  crystallized  not  in  simple 
cubes,  but  in  combination  forms  of  the  cube  and  octahedron, 
the  latter  form  often  predominating  or  occurring  alone.  This 
locality  formerly  produced  considerable  lead,  and  two  smelters 
were  at  one  time  in  operation  on  Miner  creek.  After  a  few 
years'  working  the  deposits  gave  out  in  the  majority  of  the 
diggings  and  they  are  now  practically  abandoned. 
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About  three  miles  southeast  of  Buena  Vista  and  less  than 
half  a  mile  south  of  the  Dubuque  county  line,  the  Fitzpatrick 
Lead  Mining  Company  opened  a  mine  in  1903.  It  is  located 
in  the  northwest  quarter  of  section  2  of  Concord  township, 
Dubuque  county.  Lead  was  discovered  here  by  Mr.  Fitzpatrick 
in  1900  and  36,000  pounds  are  said  to  have  been  taken  out.  The 
galena  was  about  twenty  feet  below  the  surface  and  imbedded 
in  clay  in  a  ravine. 

Water  BeBOurces. 

An  abundant  water  supply  can  always  be  assured  by  going 
down  to  the  Saint  Peter  sandstone  and  in  the  central  and  north- 
em  portions  of  the  county  many  wells  have  been  drilled  to  this 
formation.  Wells  400,  500  and  600  feet  deep  are  not  uncom- 
mon. On  the  ridge  between  the  Turkey  and  Volga  rivers  one 
well  has  been  sunk  666  feet  to  the  Saint  Peter,  passing  through 
the  Niagara,  Maquoketa  and  and  Galena-Trenton  formations. 
Water  is  also  often  struck  in  the  Galena-Trenton  beds,  and 
many  farm  wells  obtain  their  water  supply  from  this  source. 
McGregor  secures  its  water  from  the  Saint  Croix  sandstone, 
while  Strawberry  Point  and  the  adjacent  region  draw  supplies 
from  the  Niagara  limestone.  There  are  also  shallow  wells  in 
the  drift  at  many  points. 

Two  flowing  wells  furnish  Elkader  with  water.  These  are 
twenty-five  feet-  apart  and  are  182  and  184  feet  deep  respec- 
tively. They  extend  thirty  feet  into  the  Saint  Peter  sandstone 
and  give  an  abundant  supply.  The  water  is  pumped  into  a  res- 
ervoir on  a  hill  nearly  300  feet  above  the  town,  giving  a  strong 
pressure  in  the  mains.  A  third  flowing  well  is  at  the  Fair 
Grounds  just  below  town. 

McGregor  has  four  flowing  wells,  the  deepest  a  little  over 
1000  feet.  The  water  supply  for  the  town  is  obtained  from  a 
well  less  than  400  feet  deep.  The  water  is  pumped  into  a  res- 
ervoir on  a  hill  and  is  very  pure  and  free  from  mineral  sub- 
stance. 
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The  following  facts  regarding  the  wells  at  McGregor  and 
Prairie  du  Chien  are  taken  from  W.  H.  Norton's  report. 

WELLS  AT  MoGREQOR.t 


WBLL  NO.  1. 

wbj  l  no.  a. 

WBLL  NO.  S. 

Owner. 

TOWQ 

Town. 

J.  Goedert. 

When  drilled. 

1876-1877. 

1890. 

1889. 

Depth 

1.006  feet. 

520  leet. 

294  feet. 

Diameter. 

6  in.  reduced  to  3  in. 

,  6.in.  reduced  to 3 in. 

6  inches. 

Elevation  of  curb.* 

632  feet  A.  T. 

618  feet  A.  T. 

622  feet  A.  T. 

Head  of  water. 

694  feet  A.  T. 

638  feet  A.  T. 

644  feet  A.  T. 

Plow  per  minute. 

20  barrels. 

Temperature. 

54"  Fahr. 

52**  Fah3. 

52*  Fahr. 

From  this  locality,  including  Prairie  du  Chien,  on  the  Wis- 
consin side  of  the  Mississippi  river,  there  are  reported  some 
twelve  artesian  wells;  and  it  is  gratifying  to  learn  that  not- 
withstanding the  great  volume  of  water  daily  poured  from  the 
basin,  well  No.  1,  one  of  the  pioneer  wells  of  the  state,  has  suf- 
fered no  preceptible  change  in  its  flow.  In  this  well  four-inch 
copper  casing  is  used  to  a  depth  of  forty  feet,  the  original  six- 
inch  iron  casing  having  been  destroyed  within  two  years  by 
the  corrosion  of  the  saline  water.  No  packing  was  used  and 
it  is  thought  that  there  is  some  leakage  at  the  base  of  the  casing. 
Well  No.  2  was  also  recased,  reducing  the  diameter  from  six 
inches  to  three  inches,  as  the  original  casing  was  poorly  done 
and  the  water  leaked  out  through  the  joints.  The  second  casing 
extends  to  215  feet,  and  is  packed  at  the  base  with  a  rubber 
gasket.  In  each  of  the  wells  the  first  flow  was  struck  at  315 
feet  A.  T.,  and  from  this  to  the  base  all  sandstone  beds  were 
water-bearing.  At  a  little  over  520  feet  from  the  surface  brine 
was  found  in  four  feet  of  white  sandstone.  The  two  town  wells 
supply  flre  protection,  several  public  drinking  places  and  the 
two  flnest  fountains  in  the  state.  Three-eighths  of  a  mile  of  pipe 
are  laid  through  the  business  portion  of  the  town,  with  five 
hydrants  and  a  number  of  public  taps.  The  water  of  the  deeper 
well  corrodes  iron  so  rapidly  as  to  be  entirely  unfit  for  steam 
purposes.  Although  somewhat  saline  it  is  palatable  to  most 
persons.  The  water  of  well  No.  2  has  no  corrosive  effect  on 
boilers,  but  forms  a  slight  scale. 

fRpDorted  by  Mr.  0.  W.  Walker  and  Hon.  Horace  Beach 

•With  the  elevation  of  the  Ghicatro,  Milwaukee  &  St.  Panl  railway  station  at  eiS 
feet  A.  T.  aocordinfir  to  Gannett  as  datum. 
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Several  chemical  analyses  have  been  made  of  the  waters  of 
the  McGregor  artesians.  The  following  by  Joseph  Henry  of  the 
Smithsonian  Institution,  is  given  as  published  in  the  North 
Iowa  Times,  March  15,  1887. 

**The  ♦  *  *  *  analysis  of  the  water  of  the  McGregor  artesian 

well  No.  1,  is  found  to  be  a  saline  water,  holding  in  solution  in 

round  figures  136  grains  of  solid  matter  to  the  gallon  as  follows : 

Silica. 

Iron. 

AlumiDa. 

Lim«. 

Magnesia.'' 

Scarcely  more  satisfactory  is  the  analysis  of  the  same  well 
made  by  Hinrichs,  January,  1879. 

Specific  gravity  at  19i'^  C .  1.0014 

Total  mineral  matter,  grains  per  gallon            .   .  157  0  gr. 

Carbonate  of  lime,  grains  per  gallon 22.4  gr. 

Sodium  carbonate  and  magnesium  sulphate  134  6gr. 

**The  water  also  contains  a  very  small  amount  of  lithium 
chloride,  the  lithium  lines  being  visible  but  faint  when  the  res- 
idue of  the  water  is  examined  by  means  of  the  spectroscope.'' 


Potassium . 

Sulphuric  acid. 

Sodium. 

Phosphoric  acid 

Lithium. 

Boracic  acid . 

Chlorine. 

Carbonic  acid 

WATER  RESOURCES. 
Official  Analyses. 
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UNITBD  AS  FOLLOWS 

Calcium  carbonate  (Ca  CO,) 

Calcium  bicarbonate  (Ca  H,  (CO,)  ,) 

Magnesium  bicarbonate  (Mg  M,  (uU,)})    •  - 

Calcium  sulphate  (Ca  SO4) 

Magnesium  sulphate  (Mg  6O4) 

Sodium  sulphate  (N8j  SO4) 

Sodium  Chloride  (Na  CI) 

Alumina  (AI,  O,)  and  Feme  Oxide(Fe,08) 

Silica  (Si  (),) 

Oxygen  replaced  by  chlorine  (O) 

Solid"! 
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.348 

J3.200 
2.443 


55  083 
56.136 
22.504 
10  664 
1  069 
19. 305  J 


17.930 

17*602 

7  325 

13  539 

92.634 

.348 

.32:h 

12.677 

Ifil  778 


5.571 

6  000 

227.571 
42.286 


949.714 
967.857 
388  0«0 
183.857 
18  428 
1160.4.^8 


309  143 

293  143 

12H.286 

233  428 

1597.143 

6  COJ 

5. .^71 

218  570 

2789  ?84 


.398 

6  857 

.1:^4 

2.143 

4.524 

78.000 

2.8:i4 

48  857 

Trace 

a*race 

3  695 

63.714 

2.088 

36  000 

2  6  8 

45.143 

10.705 

184  572 

1.732 

29.857 

(4.350) 

(75.000] 

5.245 

90  429 

4.549 

78.429 

9  868 

170  143 

3.32 

5.714 

4.276 

73  714 

3.455 

59  571 

124 

2  143 

.398 

6  8-57 

.472 

8  143 

28  720 

495.143 

Analyst:     Prof.  J.  B.  Weems,  Ames,  Iowa.     Date:    June  16,   1896. 
RECORD  OF  STRATA. 

The  following  record  of  a  well  at  Prairie  du  Chien*  will  illus 
trate  the  geological  section  at  McGregor. 

THICKNB88.  DBPTH. 

16.     Sand  and  gravel 147  147 

15      Clay,  fine,  light  blue \ 

14.     Limestone,  bard  arenaceous 2  149 

13.     Grit,  blue 6  155 

12.     Shale,  bluish  green,  arenaceous 107  262 

11.     Sandstone,  white,  friable,  alternating 

with  hard  streaks 118  380 

10.     Grit,  blue 35  415 

9.     Slate  rock 65  480 

8.     Sandstone,  reddish  and  yellow  ocbery      6  486 

7,     Shaly  rock 24  510 


•Geology  of  Wisconsin,  vol.  IV,  p.  61. 
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THICKNESS.   DBPTH 

6.  Sandstone,  white,  carrying  brine 4  514 

5.  Slaty   rock 75  589 

4.  SandstOLe^ 310  899 

3.  Sandstone,  red 45  944 

2.  Conglomerate!   white   waterworn  quartz 

pebbles 5  949 

1.  Sandstone,    coarse 10  959 

The  curb  is  near  the  summit  of  the  Saint  Croix.  No.  16,  the 
alluvial  filling  of  the  preglacial  valley  of  the  Mississippi,  sup- 
plies the  place  of  the  upper  sandstone  of  the  Saint  Croix,  the 
Jordan.  No.  14  is  the  remnant  left  after  erosion  of  the  Saint 
Lawrence  dolomite.  Nos.  12  and  13  are  the  Saint  Lawrence 
shales.  Preceding  numbers  represent  the  basal  sandstone  of 
the  Saint  Croix.  Another  well  at  Prairie  du  Chien  was  sunk 
to  a  depth  of  1,040  feet  without  reaching  the  Algonkian.*  f 

Monona  gets  its  water  from  a  well  459  feet  deep  and  reach- 
ing the  Saint  Peter  sandstone.  This  well  supplies  the  railroad 
and  town  in  part.  The  water  is  pumped  into  the  railroad  water 
tank  and  some  pressure  is  thus  secured  in  the  pipes.  The  town 
has  three  miles  of  mains.  A  portion  of  the  supply  is  obtained 
from  a  large  spring  near  by.  The  water  is  collected  in  three 
or  four  basins  and  from  these  pumped  by  wind  mill  and  gas- 
oline engine  into  a  tank. 

Strawberry  Point  is  supplied  with  water  from  two  wells  160 
feet  deep  and  ten  feet  apart.  The  water  is  pumped  into  a  stand- 
pipe.  The  record  of  the  wells  shows  that  125  feet  of  loess  and 
drift  were  penetrated  and  thirty-five  feet  of  Niagara  limestone. 
The  water  is  not  very  hard  and  is  good  both  for  drinking  and 
for  boiler  use.  About  one-half  mile  east  of  town  near  the  center 
of  section  23,  a  well  simk  on  the  ridge  marking  the  border  of  the 
lowan  drift,  passed  through  172  feet  of  loess  and  drift.  It  went 
fourteen  feet  into  the  Niagara  limestone,  when  a  good  flow  of 
water  was  found.  In  the  vicinity  of  Strawberry  Point  water  is 
obtained  in  the  Niagara  at  depths  of  from  160  to  250  feet. 

•Iowa  Qeol.  Surv..  Vol.  VI.  1896.  p.  185-188. 
tPriyate  letter  from  Hon.  Horace  Beach. 
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Water  Power. 

The  larger  rivers  of  the  county  are  capable  of  furnishing  a 
plentiful  water  power  and  this  has  been  utilized  at  several 
points.  A  dam  on  the  Turkey  river  at  Elkader  supplies  power 
to  a  large  and  well  equipped  mill.  There  is  also  a  stone  mill 
at  Motor,  between  four  and  five  miles  below  Elkader.  On  the 
Volga  river  power  is  secured  for  flour  mills  by  dams  at  Volga 
City  and  Mederville.  At  the  latter  place  the  conditions  for  con- 
structing a  dam  were  especially  favorable.  The  river  here  flowa 
in  a  narrow  rock- walled  gorge,  the  sides  of  Galena  dolomite 
rising  abruptly  from  the  water's  edge.  Two  miles  north  of 
Strawberry  Point  is  a  stone  mill  with  a  turbine  wheel  run  by 
water  from  a  large  spring  near  by.  The  stream  flowing  from 
the  spring  is  dammed,  and  from  the  pond  thus  formed  a  sluice 
and  iron  pipe  carry  the  water  to  the  wheel  pit. 

Olams. 

No  account  of  the  economic  products  of  Clayton  county  would 
be  complete  without  some  mention  of  the  clams  of  the  Missis- 
sippi river  which  yield  shells  for  the  manufacture  of  pearl  but- 
tons. This  has  grown  to  be  an  important  industry  in  many 
river  towns  of  the  upper  Mississippi,  and  during  the  clamming 
season  hundreds  of  men  are  employed  in  gathering  the  shells. 
For  this  purpose  they  are  equipped  with  a  boat  and  two  iron 
rods  made  from  ordinary  gas  pipe.  From  these  rods  at  regular 
intervals  are  suspended  short  pieces  of  rope  or  stout  twine  to 
which  hooks  are  attached.  These  rods  are  let  down  by  ropes, 
into  the  mud  at  the  bottom  of  the  river  and  dragged  for  a  short 
distance.  Whenever  one  of  the  hooks  enters  an  open  clam  shell 
the  two  valves  close  tightly  upon  it.  If  the  haul  is  a  good  one 
every  rope  will  have  a  clam  dangling  from  the  end  of  it,  and^ 
since  the  rod  has  several  dozen  of  hooks  attached  to  it,  each  catch 
represents  a  large  number  of  shells. 

Clamming  in  the  vicinity  of  McGregor  began  in  the  spring  of 
1898.  In  the  early  days  of  the  industry  one  man  could  catch  a 
ton  of  shells  in  a  day,  and  these  were  carefully  selected  shells^ 
for  the  poor  ones  were  thrown  back  into  the  river.     The  clam& 

I 

20 


sow  GEOLOGY  OF  CLAYTON  COUNTY. 

are  now  becoming  much  reduced  in  number  and  at  present  a  man 
cannot  catch  more  than  500  pounds  at  best  in  a  day.  The  shells 
now  (1903)  sell  for  $20.00  a  ton,  whereas  the  price  in  the  early 
days  of  clamming  was  only  $6.00  or  $7.00  a  ton. 

The  season  lasts  about  two  months,  since  the  clams  do  not 
**bite''  well  when  the  warm  weather  begins.  The  best  time  is 
from  about  the  middle  of  April  to  the  middle  of  June  and  this 
may  be  considered  the  clamming  season.  During  these  months 
the  river  is  thickly  dotted  with  the  boats  of  the  fishermen,  and 
the  shores  are  lined  with  their  tents.  They  come  here  from 
places  as  distant  as  Ohio  and  Tennessee. 

The  clams  are  valuable  not  only  for  their  shells  but  for  the 
pearls  and  *' slugs''  they  yield.  These  are  found  in  the  mantle 
or  between  the  mantle  and  the  shell.  The  pearls  are  discovered 
when  the  shells  are  being  cleaned  after  having  been  first  steamed 
to  open  the  valves.  They  are  felt  for  in  the  soft  parts  of  the 
animal  as  these  are  being  removed. 

Many  of  the  pearls  equal  the  South  Sea  Island  variety  in 
luster  and  purity  of  color.  They  vary  in  color  from  the  purest 
white  to  various  shades  of  pink,  and  occasionally  a  black  one  is 
found.  It  is  not  uncommon  to  find  pearls  which  sell  for  from 
$100  to  $1000,  and  occasionally  one  is  found  which  brings  as  high 
as  $3000. 

Those  which  are  imperfect  in  any  way,  as  in  form  texture 
or  color,  are  known  as  slugs.  These  are  the  '* baroque  pearls'' 
of  the  jeweler,  which  are  now  in  such  high  favor.  Some  of 
these  are  of  great  beauty  and  may  lend  themselves  to  great  vari- 
ety and  beauty  of  design.  The  pearls  and  slugs  too  small  for 
other  purposes  are  sold  under  the  name  of  seed  pearls.  These 
are  perforated  by  minute  holes,  strung  on  the  finest  thread  and 
nsed  in  ornamenting  lace  and  embroidery. 
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Plate  VI 


Point  A,xxn,  lust  below  McQretror     A  in  the  Saint  Croix  sandstone 

Oneota  limestone 
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INTBODUOTION. 

LOCATION  AND  AREA. 

Bremer  county  bears  the  name  of  the  distinguished  Swedish 
novelist  and  traveler,  Fredrika  Bremer,  being  the  only  county 
of  the  state  which  thus  honors  one  eminent  in  literature.  Miss 
Bremer's  Christian  name  is  recorded  on  the  county  maps,  though 
with  an  unfortunate  interpolation  of  a  letter,  in  the  township 
and  village  of  Frederika. 

Bremer  county  is  situated  in  northeastern  Iowa.  Two  coun- 
ties, Chickasaw  and  Howard,  intervene  between  it  and  the 
Minnesota  line  and  two,  Fayette  and  Clayton,  lie  between  it  and 
the  Mississippi  river.  Comprising  townships  91,  92,  and  93 
of  ranges  11,  12,  13,  and  14  west  of  the  5th  principal  meridian, 
it  is  a  rectangle  twenty-four  miles  long  from  east  to  west  and 
eighteen  miles  wide  from  north  to  south,  with  an  area  of  432 
square  miles.  While  Bremer  county  includes  twelve  congres- 
sional townships,  it  is  subdivided  into  fourteen  civil  townships. 
Township  93,  range  12,  is  divided  between  Frederika  and  Leroy 
townships,  the  valley  of  the  Wapsipinicon  falling  to  the  former 
and  the  valley  of  the  East  Wapsipinicon  to  the  latter.  In  order 
to  bring  the  city  of  Waverly  within  a  single  township  the  boun- 
daries of  Washington  and  the  townships  adjacent  are  made 
irregular,  although  not  deviating  from  section  lines. 

Bremer  county  lies  for  the  most  part  upon  the  outcrop  of  the 
limestones  and  shales  of  the  Devonian  system,  a  broad  belt 
extending  diagonally  across  the  state  from  Worth  and  Howard 
counties  on  the  northwest  to  Muscatine  and  Scott  counties  on 
the  southeast.  It  occupies  a  somewhat  central  position  upon  the 
wide  sheet  of  glacial  deposits  known  as  the  lowan  drift.  Fur- 
thermore, it  stretches  across  the  valleys  of  three  goodly  rivers, 
which  extend  for  many  niiles  beyond  its  limits.  Any  description^ 
therefore,  of  either  the  geology  or  the  physiography  of  this 
restricted  area  must  include  features  shared  with  other  coun- 
ties as  well  as  some  perhaps  peculiar  to  itself.  A  large  num- 
ber of  the  problems  presented  by  the  rocks  and  superfidal 
deposits  of  the  area  have  been  solved  elsfewhere  and  many  of  the 
phenomena  which  occur  here  have  been  elsewhere  described  and 
interpreted. 
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Hence  the  student  of  the  local  geology  may  profitably  extend 
his  reading  to  the  descriptions  of  similar  areas  as  given  in  the 
annual  reports  of  the  Iowa  Geological  Survey,  such  as  the 
reports  on  the  geology  of  Cerro  Gordo,  Mitchell,  Chickasaw  and 
Johnson  counties  by  Calvin,  Benton  and  Fayette  counties  by 
Savage,  Black  Hawk  county  by  Arey,  and  Linn,  Cedar  and  Scott 
counties  by  Norton. 

PREVIOUS  GEOLOGICAL  WORK. 

Before  the  organization  of  the  present  Survey  Bremer  countj 
received  little  attention  from  professional  geologists.  No  men 
tion  is  made  of  the  county  in  the  reports  of  the  Geological  Sur- 
veys of  Iowa  conducted  by  Hall  and  Whitney  and  by  Chas.  A. 
White.  Fossils  collected  at  Waverly  either  by  R.  P.  Whitfield, 
or  by  Orestes  H.  St.  John  and  examined  by  Hall  led  to  the  men- 
tion in  the  23d  Annual  Report  of  the  New  York  State  Cabinet 
of  Natural  History,  Albany,  1873,  of  the  fact  that  nearly  the 
same  series  of  fossils  occur  at  Waverly  as  at  Independence. 

MoGee,  in  the  Pleistocene  History  of  Northeastern  Iowa 
(Eleventh  Annual  Report,  U.  S.  G.  S.,  Washington,  1891),  quotes 
a  description  by  Shimek  of  two  species  of  fossils  from  the  loess 
six  miles  southeast  of  Waverly,  and  mentions  an  unusually  large 
bowlder  two  and  one-half  miles  north  of  Sumner. 

PHYSIOGBAPHY. 

RELIEF. 

Bremer  county  is  included  in  the  wide  plain  of  northern  Iowa. 
So  slight  is  the  relief  that  it  would  be  hardly  noticeable  when 
represented  on  section  or  model  drawn  without  great  exagger- 
ation of  the  vertical  scale.  The  maximum  local  relief  can  hardly 
exceed  one  hundred  and  fifty  feet.  The  highest  point  of  the 
county  whose  altitude  is  known,  the  crest  of  the  prairie  upland, 
about  two  and  one-half  miles  northwest  of  Sunmer,  is  1128  feet 
above  tide,  according  to  the  profile  of  the  Chicago  Great  West- 
em  Railway,  and  stands  about  250  feet  higher  than  the  lowest 
point,  the  Cedar  river  at  Janesville. 

Nowhere  is  the  plain  of  Bremer  county  entirely  level.  Shal- 
low sags  and  low  irregular  swells  diversify  the  surface  even 
where  it  most  closely  approaches  horizontality.    In  places,  as 
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east  of  Waverly,  bold,  isolated,  rounded  hills  surmount  it.  In 
eastern  Jefferson  township  and  the  adjacent  part  of  Washing- 
ton the  plain  gives  way  to  a  sharply  dissected  upland.  More- 
over the  plain  is  trenched  by  the  valleys  of  the  streams,  and  over 
considerable  areas  by  the  systems  of  numerous  and  fairly  deep 
lateral  ravines. 

All  the  same  the  prevalent  type  of  the  Bremer  county  landscape 
is  the  gently  undulating  plain.  It  thus  stands  in  strong  con- 
trast with  several  other  typical  Iowa  landscapes.  A  few  miles 
to  the  east  lies  the  maze  of  deep  valleys  of  eastern  Fayette 
county  and  of  Clayton,  and  all  the  mature  erosion  topography 
of  the  drift!  ess  area.  To  the  southeast,  from  Jones  and  Clin- 
ton counties  westward,  lies  the  singularly  fluted  landscape  of 
the  ridged  drift,  where  wide  belts  of  undulating  lowland, 
stretching  from  northwest  to  southeast  parallel  with  the 
river  courses  though  often  not  occupied  by  the  master  streams, 
alternate  with  long  ridges  and  uplands  of  well  diss  acted  drift. 
Farther  south  is  found  the  typical  landscape  of  the  lUinoian  and 
Kansan  drift  of  southeastern  Iowa,  where  the  dominant  topo- 
graphic form  is  the  tabular  divide,  flat  as  a  floor,  and  separated 
from  adjacent  similar  remnantal  levels  by  the  comparatively 
narrow  valleys  which  streams  have  carved  upon  the  initial  plain. 
The  divides  of  Bremer  county  never  have  the  flatness  of  the 
Kansan  and  lUinoian  drift  of  southeastern  Iowa,  nor  do  the 
wide  long  vistas  seen  from  the  crests  of  the  ridged  drift  of  east- 
central  Iowa  anywhere  here  meet  the  eye. 

The  slight  local  relief  of  the  county  is  iudicated  by  any  road 
map.  The  straight  roads  almost  everjrwhere  follow  the  section 
lines  without  deviation.  In  exception  we  may  note  the  diagonal 
stretches  of  the  road  from  Waverly  southeast  to  Denver,  follow- 
ing the  trend  of  the  peculiar  hills  at  whose  base  they  lie,  the 
short  stretches  of  road  in  the  hilly  region  of  sections  17  and  18, 
township  91,  range  XIII,  which  leave  their  direct  courses  to 
obtaiD  an  easier  grade,  and  the  diagonal  road  which  follows  the 
side  of  the  Wapsipinicon  valley  south  of  Tripoli  for  a  short 
distance. 


326  GEOLOGY  OF  BR  EM  BR  COUNTY. 

,       ,  TAQLfi  OF  AXTITUDES. 

The  following  table  gives  the  elevation  above  tide  water  of 
those  points  in  the  county  whose  altitude  has  been  determined, 
with  tho  authority  for  the  same. 

Bremer...... 1044  feet.    Profiles  of  C.  G.  W.  Ry. 

Denver  Junction 1015  feet.     Profiles  of  C .  G.  W .  Ry. 

Janesville     891  feet.  Gannett's  Diet,  of  Altitudes. 

Plainfield 941  feet.  G^nnett's  Diet,  of  Altitudes. 

Potter's  S'diog 1056  feet.  Profiles  of  C.  G.  W .  Ry. 

Readlyn 1042  feet.  Profiles  of  C.  G.   W.  Ry. 

Sumner,    C.  G.  W.  Ry ....... .  1060  feet.  Gannett's  Diet,  of  Altitudes. 

Tripoli 102Sfeet.  Profiles  of  C.  G.  W.  Ry. 

Waverly.I.  C  and  G.  W.  Ry. 

crossing 936  feet.  Gannett's  Diet,  of  Altitudes. 

DRAINAGE. 

Three  master  streams,  the  Cedar,  the  Shell  Eock  and  the 
Wapsipinicon  rivers,  pursue  a  south-southeasterly  course  across 
Bremer  county.  The  Shell  Rock  transects  the  southwestern 
comer  of  the  county  with  a  winding  course  of  about  seven  miles 
in  length,  and  joins  the  Cedar  a  mile  or  more  south  of  the  county 
line.  As  in  the  case  of  the  Iowa  and  Cedar  rivers,  so  here  it 
is  the  smaller  and  shorter  stream  which  aligns  itself  with  the 
course  below  the  confluence,  while  the  larger  and  longer  stream 
suddenly  diverges  from  its  parallel  track  to  meet  the  axial 
stream  at  a  high  angle.  In  nomenclature  the  two  cases  cited 
are  quite  opposite.  In  the  case  of  the  Iowa  and  Cedar,  the 
course  below  the  confluence  takes  the  name  of  the  axial  stream, 
to  which  the  larger  stream  is  thus  made  tributary.  In  the  case 
of  the  Cedar  and  the  Shell  Eock  the  smaller  stream,  though  axial, 
is  called  the  tributary  of  the  larger. 

The  tributaries  of  the  three  rivers  named  as  a  rule  maintain 
subparallel  courses  with  their  master  streams  until  near  the 
confluence.  The  interstream  area  between  the  Little  Wapsi- 
pinicon river  and  Buck  creek  is  from  two  to  four  miles  wide. 
Buck  creek,  rising  in  the  northern  tier  of  sections,  flows  along 
side  the  Wapsipinicon  across  the  county,  the  divide  between 
the  valleys  in  the  southern  townships  seldom  exceeding  a  mile 
and  a  half  or  two  miles  in  width.  The  East  Wapsipinicon  holds 
its  parallel  course  in  northern  Leroy  township  about  three  miles 
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distant  and  then  flowing  southwest  joins  its  master  stream. 
Crane  creek  crosses  nearly  the  entire  county  along  a  track 
from  three  to  five  miles  west  of  the  Wapsipinicon  and  flows  into 
that  river  in  Black  Hawk  county.  The  next  two  creeks,  Quarter 
Section  run  and  Baskin  run,  flow  side  by  side  about  three  miles 
apart  and  at  about  the  same  distance  from  their  trunk  stream, 
the  Cedar  river,  on  the  west,  and  from  Crane  creek  on  the  east. 

A  glance  at  the  drainage  map  of  the  county  shows  the  eccen- 
tric behavior  of  one  of  the  streams  just  named.  Quarter  Section 
run.  In  the  normal  development  of  a  river  system  the  affluents 
are  expected  to  join  their  trunk  stream  as  twigs  their  stems,  at 
somewhat  less  than  a  right  angle,  and  such  are  all  the  other 
confluences  in  our  area.  Quarter  Section  run,  however,  sud- 
denly departs  from  its  southeastern  course  about  two  miles 
below  Denver  and  turns  abruptly  to  the  northwest.  Flowing  for 
five  or  six  miles  in  a  direction  opposite  to  that  of  all  the  other 
streams,  it  picks  up  Baskin  run  and  meets  the  Cedar  at  the 
sharp  bend  where  the  latter  turns  to  join  the  Shell  Rock.  Thus 
we  have  here  a  T  whose  horizontal  bar  is  made  of  Quarter  Sec- 
tion run  on  the  one  side  and  of  the  Cedar  on  the  other,  flowing 
from  the  opposite  directions,  and  whose  stem  is  formed  of  the 
Cedar  below  the  confluence.  To  find  explanation  of  this  singu- 
lar fact  we  must  await  the  description  of  the  topography  of  the 
area. 

In  summation,  Bremer  county  is  drained  by  a  series  of  sub- 
parallel  streams  whose  general  course  is  directed  somewhat 
east  of  south  and  which  are  so  spaced  that  their  tracks  lie  sel- 
dom more  than  three  or  four  miles  apart.  On  interstream  areas 
so  narrow  and,  as  we  are  to  see  later,  so  immature,  no  laterals 
have  developed  worthy  of  name  upon  the  county  maps. 

In  anomalous  contrast  with  the  south-southeastward  courses 
of  the  streams  is  the  strong  southwestward  slope  of  the  coun- 
try, as  Calvin  Jias  already  shown  in  his  re'ports  on  Mitchell  and 
Chickasaw  counties.  From  the  high  divide  which  extends  from 
eastern  Howard  and  southwestern  Winneshiek  counties  across 
Fayette  county  west  of  the  Volga  river,  through  Strawberry 
Point  and  Edgewood,  to  the  vicinity  of  New  Vienna  in  Dubuque 
county — to  follow  it  no  farther  beyond  the  limits  of  our  field. 
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the  land  slopes  everywhere  southwest- 
ward  toward  the  great  trough  of  the 
Cedar.  This  is  shown  graphically  in 
the  accompanying  diagram  based  on 
the  profile  of  the  Waterloo,  Cedar 
Falls  and  Northern  Ey.,  from  Waverly 
to  Sumner,  and  on  the  topographic 
maps  of  the  XJ.  S.  Geological  Survey 
thence  to  West  Union.  On  this  north- 
east-southwest line  the  upland  gradu- 
ally declines  from  1240  feet  A.  T.  on 
the  high  prairie  overlooking  West 
Union,  to  1100  feet  at  Sumner,  to  1065 
feet  west  of  Tripoli,  to  1045  feet  at 
Bremer,  and  to  1010  feet  on  the 
prairie  west  of  Baskin  run, — an  aver- 
age slope  of  about  seven  feet  to  the 
mile. 

The  same  strong  slope  appears  on  a 
similar  profile  of  the  upland  south  of 
our  area, — ^from  Farley  in  Dubuque 
county  southwest  to  Linn  Junction  in 
Linn  county.  The  lowan  drift  plain 
stands  at  1160  feet  A.  T.  about 
Farley,  at  1040  feet  between  the 
Maquoketa  and  the  Wapsipinicon 
near  Prairieburg,  while  between  the 
Wapsipinicon  and  the  Cedar  the  same 
plain  has  declined  from  980  feet  near 
the  former  river  to  840  feet  A.  T. 
near  the  latter, — a  gradient  from 
Farley  to  Linn  Junction  of  seven  feet 
to  the  mile  measured  outside  the 
immediate  valleys  of  the  rivers. 

Contrast  this  with  the  compara- 
tively sliglrt  fall  of  the  streams 
whose  courses  bear  to  the  south- 
east   and    with    the    descent    of    the 


DKAINAGE.  329 

lowan  drift  plain  in  the  same  direction.  According  to  Gannett, 
the  elevation  of  Waverly  is  936  feet  A.  T.  and  that  of  Cedar 
Bapids  is  732  feet,  each  being  built  on  the  flood  plain  of  the 
river  at  about  the  same  height  above  the  stream.  The  fall  of 
204  feet  gives  here  a  gradient  of  three  feet  per  mile  in  a  straight 
line,  neglecting  the  winding  course  of  the  river.  From  Tripoli 
to  Stone  City  the  Wapsipinicon  falls  180  feet,  a  straight  line 
gradient  of  2.8  feet  per  mile.  Taking  the  southeast  slope  o\ 
the  lowan  plain  from  the  high  prairie  near  Tripoli,  1065  fee; 
A.  T.,  to  the  plain  southwest  of  Stone  City  we  have  an  average 
slope  of  two  feet  per  mile.  Thus  the  streams  of  the  lowan  plain 
east  of  the  Cedar  river  do  not  flow  with  the  slope  of  the  country. 
The  major  slope  of  the  plain  is  southwest;  the  streams  flow  to 
the  southeast. 

In  explanation  of  this  exceedingly  anomalous  behavior  sev- 
eral hypotheses  suggest  themselves.  We  may  conceive  that 
in  lowan  times  the  great  depression  whose  axis  is  now  held  by 
the  Cedar  river  was  filled  brim-full  of  glacier  ice  and  that  the 
surface  drainage  of  the  stagnant  ice  was  directed  to  the  south- 
east, the  general  direction  of  the  glacial  flow.  Cutting  at  last 
through  the  ice,  these  surface  streams  were  let  down  upon  a 
land  whose  slope  was  southwest,  and  on  this  they  entrenched 
themselves  .both  by  corrasion  of  their  channels,  and  by  the  de- 
position of  waterlaid  drift  about  their  banks. 

Again,  streams  which  are  younger  than  the  lowan  drift,  whose 
initial  courses  lay  upon  its  surface  on  the  melting  of  the  lowan 
glacier,  may  have  had  their  tracks  determined  by  long  troughs 
of  the  drift  surface  due  to  phenomena  either  of  modelling 
or  of  erosion  connected  with  the  southeastward  movement  of 
the  ice.  Deep  preglacial  buried  channels,  such  as  are  known 
to  exist  throughout  eastern  Iowa,  may  have  contributed  largely 
to  form  these  troughs  upon  the  surface  of  the  drift  either 
because  they  were  never  filled  to  the  level  of  the  land  on  either 
side,  or  because  the  exceptionally  thick  drift  laid  in  them  settled 
and  formed  sags. 

These  explanations  assume  that  the  Cedar  depression  is  pre- . 
glacial  and  that  the  southwestern  slope  of  the  country  antedates 
the  origin  of  the  present  streams.    An  alternative  theory  may 
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also  be  considered  that  on  the  melting  of  the  To  wan  ice  the  slope 
of  the  region  was  to  the  southeast,  thus  determining  the  courses 
of  the  initial  consequent  streams,  the  present  inclination  bemg 
due  to  later  warping,  to  which  the  rivers  are  not  yet  adjusted. 

THE  VALLEY  OP  THE  OEDAH  RIVEH. 

The  Cedar  river  enters  the  county  f  roiu  the  north  in  a  valley 
three  quarters  of  a  mile. in  width,  whose  flat  floor  lies  about 
thirty  feet  above  water  level.  Book  is  exposed  in  places  along 
the  banks  of  the  stream,  but  we  have  no  knowledge  as  to  whether 
these  are  local  spurs  or  a  part  of  a  wide  rock  floor  due  to  plana- 
tion  by  the  stream  when  flowing  at  a  somewhat  higher  level 
and  left  covered  with  a  veneer  of  alluvium.  On  either  side  rise 
hills  of  drift  with  moderate  slopes  eighty  feet  high  or  more 
above  the  river. 

A  mile  north  of  Plainfield  the  lines  of  bordering  hills  swing 
out  until  they  are  four  miles  apart  at  Horton,  which  occupies 
an  eastern  reentrant  of  the  river-plain  where  two  creeks  de- 
bouch. Tlio  flat  fluvial  floor  continues  with  a  width  of  about 
three  miles  well  into  Lafayette  township.  This  wide  old  river- 
plain  stands  at  the  inner  margin  but  about  fifteen  feet  above  the 
present  flood  plain  of  the  river  and  rises  almost  imperceptibly 
on  its  outer  margin  to  merge  with  the  gentle  slopes  of  the  bases 
of  the  bordering  hills.  These  second  bottoms  are  prevailingly 
sandy.  Shallow  driven  wells  secure  abundant  water  everywhere 
upon  them.  The  shifting  banks  of  the  river  show  nothing  here 
but  alluvial  deposits.  Originally  the  river  plain  was  well 
wooded,  but  much  of  the  forest  has  been  cleared  to  make  room 
for  pastures  and  plowed  fields.  Bowlders  of  the  lowan  drift  are 
seen  out  upon  the  plain  in  several  places,  and  here  the  valley  of 
the  Cedar  and  those  of  the  creeks  which  merge  with  it  on  the 
left  bank  near  Horton  are  clearly  older  than  this  most  recent  ice 
invasion  of  the  county. 

In  Lafayette  township  the  valley  constricts  to  a  width  of  a  mile 
and  a  half  and  a  mile,  while  midway  the  township  it  narrows 
to  less  than  half  a  mile.  Rock  outcrops  in  low  ledges  at  a  num- 
ber of  places  a  few  feet  above  the  flood  plain  on  the  bounding 
hill  sides.  Yet  nothing  like  a  gorge  appears,  and  the  aspect  of 
the  valley  is  still  by  no  means  youthful.     On  the  left  bank  the 
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hills  now  rise  fifty  or  sixty  feet  above  the  stream,  many  of 
them  sandy,  especially  near  the  river,  and  underlain  with  rock 
at  no  great  distance  from  the  surface.  Approaching  Waverly 
one  sees  on  the  left  groups  of  the  lenticular  loess-capped  hills 
called  paha;  the  valley  narrows  until  in  the  north  part  of  the 
town  rocky  hills  hem  it  in  to  a  width  of  about  eighty  rods.  Again 
the  valley  opens,  leaving  beneath  the  high  loess  hills  with  their 
rooky  basements  room  for  the  business  blocks  of  east  Waverly 
on  an  ancient  terrace  of  the  river.  On  the  west  side  the  terrace 
is  still  more  ample,  widening  to  about  half  a  mile,  and  is  occupied 
by  the  chief  residential  portion  of  the  little  city.     Even  this 


Fig*.  39— Looking'  down  the  Oedar  River  at  JanesTille. 

spacious  remnant  of  the  ancient  flood  plain  has  not  been  found 
8ufl5cient,  and  the  growing  town  has  climbed  th§  sightly  slopes 
of  the  loess  hills  to  the  east  and  the  fairly  level  lowan  drift 
plain  which  overlooks  the  terrace  on  the  west.  The  terrace 
is  underlain  with  rock  which  outcrops  along  the  river  banks, 
though  not  in  cliffs.  Here  the  stream  flows  swiftly  over  a  rock 
bottom.  If  the  reports  of  wells  in  Waverly  are  correct,  a  deeper 
channel,  abandoned  and  filled,  crosses  the  terrace  on  the  east 
side  of  the  town,  where  at  the  Creamery  Supply  Factory  rock 
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was  found  fifty  feet  below  the  surface.  On  the  bottom  lands 
southeast  of  town  wells  are  reported  to  go  nearly  one  hundretl 
feet  through  river  sands  without  reaching  rock,  thus  disclosing 
a  buried  channel  far  older  than  the  present  course  of  the  river 
through  the  city. 

South  of  Waverly  the  Cedar  occupies  a  comparatively  nar 
row  valley,  seldom  more  than  a  quarter  of  a  mile  in  width,  the 
lowan  plain  of  thin  drift  underlain  with  the  Devonian  lime 
stones  overlooking  it  on  either  side.    In  the  southern  part  of 
Washington  township  the  river  leaves  the  lawer  ground  of  the 
lowan  plain  and  plunges  directly  into  a  group  of  high  loess 
capped  hills  with  nuclei  of  rock.    In  Jackson  township,  leaving 
this  rugged  area  behind,  the  river  again  makes  use  of  a  com 
paratively  narrow  valley  bounded  by  the  rock-basemented  lowan 
plain  until  at  Janesville  it  finds  on  the  right  bank  the  wide, 
gravelly,  ancient  floodplain  terrace  which  here  parts  it  from  the 
Shell  Rock. 

THE  VALLEY  OF  THE  WAP8IPINICON  RIVER. 

The  Wapsipinicon  enters  the  county  from  the  north  in  a 
comparatively  narrow  valley,  about  one-half  mile  in  width  at 
Frecjerika,  and  bordered  by  low  rocky  hills.  Immediately  below 
Frederika  the  valley  widens  to  one  and  a  half  and  two  miles 
and  maintains  or  slighlty  exceeds  this  width  during  the  remain- 
der of  its  course  through  the  county.  The  valley  is  flat-floortjd, 
descending  however  by  almost  imperceptible  degrees  toward 
the  thalweg  or  median  stream-line  from  the  base  of  the  gentle 
slopes  of  the  bordering  upland  which  rises  about  sixty  feet 
above  the  river  plain. 

The  valley  floor  is  one  of  aggradation,  not  of  planation.  It 
is  strewn  with  sand  and  gravel  to  a  depth  of  ten  or  twenty  feet, 
and  occasional  bowlders,  apparently  of  lowan  drift,  are  found 
well  out  upon  it;  as  well  as  in  large  number  upon  the  bordering 
hillsides.  These  erratics  upon  the  river  plain  indicate  either 
that  the  lowan  ice  descended  to  the  flood  plain  perhaps  already 
fashioned  at  an  earlier  date,  or  that  the  swollen  currents  from 
the  melting  ice  carried  small  bergs  or  ice  cakes  which  here  and 
there  dropped  their  load  of  glacial  drift.    An  earlier  ice  sheet 
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than  the  lowan  seems  to  have  found  here  a  valley,  and  to  have 
aggraded  it  with  its  ground  moraines.  Beneath  the  surface  sands 
and  gravel  lies  a  bed  of  stony  clay,  fifty  to  eighty  feet  in  thick- 
ness, the  deposit  of  an  ancient  ice  sheet,  probably  the  Kansan. 
Underneath  this  is  found  a  deposit  of  sand  and  gravel  which 
may  be  referred  to  the  Aftonian.  These  sands  and  gravels 
contain  an  inexhaustable  supply  of  water  under  artesian  pres- 
sure, whose  head  seems  to  be  due  to  the  rise  of  the  aquifer  on 
the  sides  of  the  ancient  valley.  No  occasion  has  been  found  to 
drill  through  these  water  bearing  gravels,  so  that  what  lies 
beneath  them  and  how  deep  is  the  rock  floor  are  both  quite 
unknown. 


IFie.  40— An  artesian  well  in  the  Wapsipinicon  flood  plain. 

In  this  great  valley,  adequate  for  a  Mississippi,  the  tiny  Wap- 
sipinicon, six  or  eight  rods  wide,  is  as  out  of  place  as  a  mouse  in 
a  lion's  cage  and  the  misfit  is  as  apparent  as  a  dwarf  were  in 
the  clothing  of  a  giant.  The  meanders  of  the  little  river,  in  the 
few  places  where  it  develops  these  symmetric  bends,  are  hardly 
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more  than  800  or  1000  feet  iu  transverse  diameter.  For  the 
most  part  the  river  rolls  its  waters  through  a  narrow  network 
of  inosculating  channels,  which  wind  among  low,  sandy 
islands,  and  new  courses  in  channels  excavated  by  the  floods  of 
recent  years  are  not  uncommon.  In  one  instance  the  stream 
divides  about  a  wooded,  sandy  elevation  to  form  a  low  island 
three-quarters  of  a  mile  wide  and  nearly  a  mile  and  a  half  long, 
set  well  out  from  the  borders  of  the  valley  on  either  side. 

In  one  respect  the  Wapsipinicon  valley  is  in  marked  contrast 
with  the  valley  of  the  Cedar.  The  latter  river  has  cut  its  pres- 
ent channel  a  number  of  feet  below  the  level  of  the  old  valley 
floor.  Its  ancient  flood  plain  has  been  left  moderately  well 
drained  and  dry  enough  for  the  growth  of  forests.  These  have 
been  cleared  away  for  the  cultivated  fields  and  pastures  of 
numerous  farmsteads,  whose  dwellings  may  stand  within  a  few 
rods  of  the  river  banks.  On  the  other  hand  the  aspect  of  the 
Wapsipinicon  bottoms  is  that  of  a  wide  savanna  whose  marshy 
grass  lands  are  suitable  only  for  pasture.  Forests  have  invad- 
ed the  area  only  along  the  natural  levees  or  drained  banks  of 
the  immediate  vicinity  of  the  stroam.  Farmsteads  have  gath- 
ered along  the  slopes  of  the  bordering  hills,  but  are  almost 
wholly  wanting  over  the  valley.  The  roads  which  cross  it  are 
carried  on  well  marked  dikes  ditched  on  either  hand,  and  as  the 
traveler  looks  out  from  them  over  the  wide  expanse  of  marshy 
grass-hmd  with  occasional  ponds  bordered  with  sedge  and  pick- 
erel weed  and  covered  with  the  yellow  water  lilies,  he  receives 
a  vivid  impression  of  the  barrier  which  the  **Wapsie  bottoms" 
must  have  been  to  the  pioneer  before  these  causeways  and  their 
bridges  had  been  built. 

No  village  or  town  is  located  on  the  Wapsipinicon  within  the 
limits  of  the  county,  or  indeed,  from  Bremer  north  to  the  state 
line,  excepting  the  village  of  Frederika  which  has  the  vantage 
of  the  gentle  slopes  of  low  rocky  hills  which  lift  it  out  of  the 
general  wet. 

The  valley  of  the  East  Wapsipinicon  repeats  the  features  of 
the  Wapsipinicon  valley  on  a  smaller  scale.  Its  floor  is 
about  one  n^ile  wide  and  the  valley  has  been  filled  with  drift 
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and  aggraded  with  glacialvontwash  and  alluvimn  to  the  depth 
of  from  eighty-five  to  more  than  one  hmidred  feet.  Deep  lying 
gravels,  referred  to  the  Aftonian,  supply  artesian  water  in  the 
lower  reach  of  the  valley. 

The  creeks  of  the  county  tributary  to  the  master  rivers  rise 
in  marshy  sags  of  the  lowan  drift  plain,  winding  around  low 
swells  in  indecisive  courses  and  indistinct  valleys,  which  widen 
where  a  basin  has  been  aggraded  and  narrow  where  the  overfloi^ 
from  slough  to  slough  has  cut  its  way  across  the  intervening 
rim.  From  these  humble  beginnings  the  larger  creeks,  such 
as  Crane  creek,  attain  at  last  aggraijpd  valleys,  a  quarter  or  a 
half  mile  wide  as  measured  across  the  flat  sandy  and  marshy 
valley  floors,  and  sunk  forty  feet  or  more  below  the  bordering 
upland.  At  ordinary  stages  these  sluggish  creeks  content  them- 
selves with  channels  a  rod  or  so  in  width,  but  at  flood  they 
widely  overflow  the  adjacent  bottoms.  An  occasional  low  sand 
dune  occurs  upon  the  flood  plains,  and  gravel  terraces  fifteen  or 
twenty  feet  above  the  streams  were  noticed  in  places. 

STRATIGRAPHY. 
General  Relations  of  the  Strata. 

The  indurated  rocks  of  Bremer  county  consist  of  sea-laid 
limestones  and  shales  belonging  to  several  different  natural 
groups  called  formations.  The  lowest,  and  hence  the  earliest, 
of  these  which  come  to  the  rock  surface  in  our  area  are  shales 
belonging  to  a  stage  known  as  the  Maquoketa.  In  Bremer 
county  the  Maquoketa  shales  are  found  only  in  deep  drift-filled 
valleys,  where  the  overlying  strata  have  been  removed  by  long 
preglacial  erosion,  and  in  deep  borings  beneath  the  cover  of  later 
formations.  With  the  gentle  rise  of  the  strata  of  this  region 
to  the  northeast  the  shales  outcrop  along  a  belt  which  stretches 
from  Howard  and  Winneshiek  counties  as  far  south  as  north- 
ern Clinton  county.  These  ancient  sea  muds  testify  to  a  time 
when  our  area  lay  beneath  the  sea,  and  when  the  sea  was  here 
clouded  with  fine  waste  washed  from  a  not  distant  land,  lying 
probably  to  the  east  and  north.  Fossils,  the  remains  of  ancient 
organisms,  occur  in  profusion  in  the  Maquoketa  shales  at  many 
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of  their  outqrops,  as  at  Elgin  in  Fayette  county,  and  these  fossils 
show  that  the  shales  belong  to  a  system  of  strata  known  as  the 
Ordovician,  deposited  at  a  time  so  remote  that  so  far  as  known 
no  animals  then  tenanted  the  land,  and  fishes  of  a  lowly  type 
were  the  highest  organisms  to  be  found  upon  the  earth. 

Besting  upon  the  Maquoketa  shales  are  beds  of  limestone 
which  prior  to  this  survey  were  not  known  to  extend  into  Bremer 
county.  This  limestone,  as  its  fossils  show,  belongs  to  the 
Hopkinton  stage  of  the  Niagara  series  and  to  the  Silurian  sys- 
tem. Although  it  comes  to  the  surface  at  only  a  few  points,  on 
Crane  creek,  Baskin  run  and  Quarter  Section  run,  it  underlies, 
like  the  Maquoketa,  the  entire  county.  The  Niagara  limestone 
records  a  period  of  great  length  when  by  long  denudation  the 
neighboring  lands  had  been  worn  so  low  that  their  sluggish 
streams  now  brought  into  the  shallow  Silurian  sea  little  except 
soluble  waste,  or  when  the  shores  had  become  so  remote  by 
a  transgression  of  the  sea  that  little  clay  and  sand  was  washed 
out  so  far  from  land  as  was  our  area.  In  such  clear  waters 
lime  secreting  animals,  such  as  sea  shells  and  corals,  grew  in 
great  profusion,  and  from  their  remains  extensive  sheets  of 
limey  oozes  were  produced  which  are  now  found  consolidated  to 
firm  rock.  These  strata  outcrop  at  Hopkinton  in  Delaware 
county,  whence  they  derive  their  name. 

In  Linn,  Cedar,  Scott  and  other  counties  lying  south  of  our 
area,  there  rests  upon  the  Hopkinton  limestone  another  belong- 
ing to  the  same  Niagara  series  and  known  as  the  Gower  stage. 
In  Bremer  county  as  in  Fayette  the  Gower  limestone  does  not 
occur,  suggesting  that  northern  Iowa  was  land  in  Gower  times. 

Resting  immediately  upon  the  Hopkinton  limestone  occurs  a 
body  of  limestone  shown  by  its  fossils  to  belong  to  the  Devonian 
system.  The  Devonian  limestones  form  the  rock  foundation  of 
nearly  the  entire  county,  outcropping  wherever  the  streams 
have  cut  through  the  superficial  stony  clays  of  later  date. 
According  to  their  lithological  differences  and  included  organ- 
isms the  Devonian  limestones  have  been  divided  into  two  stages, 
the  Wapsipinicon  and  the  Cedar  Valley. 

The  Wapsipinicon,  the  lower  of  these  stages,  receives  its 
name  from  its  excellent  outcrops  on  the  Wapsipinicon  river  in 
Linn  county,  and  there  it  presents  a  number  of  subdivisions, 
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or  sub-stages,  not  all  of  which  have  been  discriminated  in  Bre- 
mer county.  The  Wapsipinicon  limestones  outcropping  south 
of  Waverly  on  the  Cedar  river  and  its  tributary  creeks,  have 
been  extensively  broken  by  earth  movements  and  their  cemented 
angular  fragments  form  what  is  known  as  breccia.  From  its  oc- 
currence at  Fayette  this  zone  of  broken  rock  has  long  been  known 
as  the  Fayette  breccia.  Since  several  formations  are  involved 
in  this  brecciation,  which  sometimes  includes  even  the  lower 
beds  of  the  Cedar  Valley  stage,  it  has  seemed  best  to  the  author 
to  discard  the  term  as  a  formation-name,  notwithstanding  its 
convenience  in  designating  a  zone  extending  from  near  the  nor- 
thern border  of  Iowa  to  Davenport. 

The  Devonian  limestones  tell  of  a  shallow  sea  with  shores 
either  remote  or  so  low  that  little  insoluble  waste  was  brought 
to  the  limits  of  our  area.  The  brecciation  of  the  Wapsipinicon 
records  strong  lateral  pressures,  and  sudden  yieldings  to  them 
by  these  brittle  and  thin  layered  rocks,  causing,  no  doubt,  great 
earthquakes  to  run  through  the  adjacent  lands. 

The  uppermost  rocks  of  the  Devonian  system  and  of  Bremer 
county  belong  to  a  stage  which  Iowa  geologists  have  long  known 
as  the  Cedar  Valley,  from  its  extensive  outcrops  along  the  Cedar 
river  from  near  its  mouth  in  Muscatine  county  to  the  Minne- 
sota line.  The  Cedar  Valley  limestones  abound  in  fossils — 
corals  and  allied  lowly  types,  sea  shells  of  many  species  and  the 
remains  of  fishes.  Our  area  was  in  these  later  times  of  the 
Middle  Devonian  a  quiet  sea  in  which,  as  off  the  coast  of  Florida 
today,  great  banks  of  limestone  were  slowly  forming  from  the 
remains  of  the  profuse  organic  life  which  flourished  there. 

The  Devonian  period  was  succeeded  by  the  Carboniferous, 
when  the  coal  beds  of  central  Iowa  and  the  eastern  states  were 
laid  in  dense  jungles  and  peat  swamps.  Outliers  of  Carboni- 
ferous strata  occur  as  far  east  and  north  as  Linn,  Cedar  and 
Jackson  counties,  but  none  are  known  in  Bremer,  or  the  adja- 
cent counties.  Northeastern  Iowa,  including  Bremer  county, 
seems  then  to  have  been  land  during  the  entire  Carboniferous 
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period  and  to  have  been  lifted  sufficiently  above  the  sea  to  avoid 
imperfect  drainage  and  the  formation  of  coal  swamps.  We  may 
well  imagine  it  covered  with  the  luxuriant  gymnospermous  for- 
ests which  formed  the  highest  vegetal  life  of  the  time. 

In  the  Mesozoic  era  the  land  of  which  our  county  formed  a 
part  suffered  no  doubt  various  oscillations  and  passed  through 
successive  cycles  of  erosion.  In  the  Cretaceous  period  of  this 
era  the  sea  came  in  widely  over  the  lowlands  of  the  coiitinenl-! 
and  the  mediterranean  which  occupied  the  site  of  the  Great 
Plains  advanced  its  eastern  margin  over  western  Iowa.  AVo 
have  no  evidence  to  show  that  this  incursion  reached  Bremer 
county  although  in  lilack  Hawk  county,  adjoining  Bremer  o.i 
the  south,  the  presence  of  well  preserved  Cretaceous  shells  in 
the  drift  may  possibly  i)oint  to  a  local  buried  Cretaceous  out- 
lier instead  of  to  a  carria.<>:e  of  tli(»se  shells  from  (^retaceous 
areas  in  southeastern  Minnesota. 

The  Tertiary  period  witnessed  a  broad  uplift  of  eastern  Iowa 
and  the  carving  of  wide  deep  valleys  in  the  upland.  The  drift- 
-  buried  valleys  of  Bremer  county  record  this  [)ortion  of  our  his- 
tory. During  the  Glacial  epoch  these  channels  were  choked 
with  glacial  ontwash  of  sand  and  gravel  and  with  the  stony  clays 
with  which  the  entire  county  was  mantled.  Of  th(*  successive  ice 
invasions  of  which  other  parts  of  the  state*  bear  testimony  only 
three,  the  pre-Kansan,  or  Jerseyan,  the  Kansan  and  the  lowan 
ice  sheets,  made  incursions  into  (mr  territory.  Thrice  the  area 
was  long  buried  beneath  ice  sheets  coinparal)le  in  size  to  that 
which  now  cov(ms  (Sreenland,  and  during  two  i)eriods  ))esides  the 
near  presence  of  continental  ice  li(^lds  produced  a  climate  of 
arctic  rigor. 

With  the  retreat  of  the  ice  from  North  America  the  present 
geological  epoch  began,  whose  records  are  seen  in  the  peat  de- 
posits of  the  sloughs,  the  humus  of  the  soils,  the  silts  spread 
by  the  rivers  on  their  flood  plains,  hillocks  of  wind-blown  sand 
and  dust,  the  erosion  done  by  rain  and  streams,  and  the  dis- 
integration and  decay  of  the  surface  rocks  under  the  action  of 
the  weather. 
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The  following  table  presents  the  succession  of  all  these  vari- 
ous deposits  ranging  in  age  from  those  of  tens  of  millions  of 
years  ago  to  those  of  yesterday. 


SYNOPTICAL   TABLE. 


QBOUP. 


8YSTBM. 


8EBIE8. 


DEPOSITS  OB  SUB- 
STAGES. 


Pleistocene 

Recent 

Alluvial. 

Aeolian 

Orjjanic. 

Cenozoic 

Glacial 

lowan 

Loess . 
Drift 

Yarmouth 

Buchanan  gravcis 

Kansan 

Drift. 

Aftnnian 

(xraveNandsJind. 

Jersey  a  ij 
^.'edar  Valley 

Wapsipinicon 

Drift. 

Devonian 

M.ddle 
Devonian 

Limestone. 
Lower  Davenport 
limestone 

Paleozoic 

()ti<  limestone 

•Jt 

biilurian 

Niagara 

Hopkinton 

Limestone  or 
dolomite 

Ordoviciao 

'IVenfon 

Maquoketa 

Shale. 

ORDOVIOIAN  SYSTEM. 

MAQUOKBTA   STAGE. 

The  lowest  rock  formation  which  reaches  the  surface  of  the 
indurated  rocks  is  the  Maquoketa  shale  of  the  Ordovician.  No- 
where does  it  reach  the  present  surface  of  the  ground,  being 
deeply  covered  by  the  drift.  At  Waverly  it  lies  1:20  feet  below 
the  sui'face  and  at  Suinner  170  feet  as  well  borings  at  these 
places  have  proved.  But  in  the  deep  buried  ancient  river  valley 
which  passes  through  the  county  between  the  courses  of  the 
Cedar  and  the  Wapsipinicon  rivers  the  rocks  overlying  the 
Maquoketa  have  ))een  removed  and  here  the  tools  of  the  well 
driller  find  immediately  below  the  glacial  drift  a  shale,  known 
popularly  as  '^soapstone",  which  can  be  none  other  than  the 
Maquoketa.  Thus  at  Clausing 's  well  at  Denver  the  following 
section  is  given: 

THICKNESS  IN  FKKT.      DKPTH. 

Drift 66  66 

Gravel  and  sand 10  76 

Drift 86  162 

Shale,  dark  blue,  without  giic 248  410 
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This  well  seems  to  be  located  in  a  tributary  of  the  main  old 
river  valley.  The  abruptness  of  its  banks  is  indicated  by  the 
fact  that  but  a  block  away  from  the  well  just  cited  the  drill 
found  limestone  at  forty-two  feet  from  the  surface.  Three 
blocks  away  on  higher  ground  another  well,  Henry  Bauman's, 
found  at  124  feet  from  the  surface  four  feet  of  limestone,  pre- 
sumably the  Niagara,  overlying  shale.  For  eight  feet  below  the 
limestone  the  shale  was  red,  ocherous,  and  soft,  suggesting 
unconformity — an  interval  of  long  weathering  and  oxidation  of 
the  Maquoketa  as  a  land  surface  before  submergence  and  the 
deposition  of  the  Niagara  upon  it. 

The  deep  well  of  August  Buhr  in  Maxfield  township  (north- 
east quarter  of  the  northwest  quarter  of  section  8,  township 
91,  range  XII  W.)  gives  an  instructive  section  according  to 
the  driller's  log. 

THICKNESS  IN  FBBT.      DBPTH. 

Yellow  till 40  40 

Blue  till 150  190 

Limestone  (Niagara) 3  193 

Shale  (Maquoketa) 300  493 

Limestone   ( Galen a-Plattesville) 191  684 

In  Douglas  township  the  following  section  of  a  well  boring 
on  the  farm  of  C.  Zwanziger,  (southeast  quarter  of  the  south- 
east quarter  of  section  6,  township  93,  range  XIII  W.)  is  given 
by  the  driller. 

THICKNESS  IN  FBBT.       DBPTH  IN  FEET. 

Blue  Clay,  till 200  200 

Soft  rock  and  shale,  Upper  Maquoketa    60  260 

Hard  rock,  Middle  Maquoketa 6  266 

Well  of  H.  Winzenberg  (southwest  quarter  of  the  southwest 
quarter  of  section  27,  township  93,  range  Xm  W.). 

THICKNESS  IN  FBBT.      DBPTH    IN  FBBT. 

Yellow  clay 30  30 

Blue  clay 190  220 

Limestone 10  230 

Shale,  Upper  Maqueketa 87  317 

"Sandstone",  (limestone  of  Middle 

Maquoketa?) 20  337 

Special  interest  attaches  to  the  last  well  as  it  is  located  less 
than  two  and  one-half  miles  from  an  outcrop  of  the  Niagara  at 
about  the  level  of  the  well  curb,  thus  showing  the  depth  to  which 
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the  buried  valley  was  cut  in  rock.  In  this  well,  and  that  of  the 
preceding  record  the  shale  has  apparently  thinned  out  from  the 
sections  given  in  townships  south.  But  the  Maquoketa  itself 
carries  dolomitic  layers  which  would  tally  with  the  descriptions, 
as  the  hard,  glittering  sharp-cut  sand  of  dolomite  has  often  been 
mistaken  for  that  of  sandstone. 

Much  more  common  than  the  wells  which  strike  the  shale 
immediately  below  the  drift  are  those  which  descend  below  the 
level  of  the  upper  surface  of  the  Maquoketa  without  finding 
rock  and  end  in  glacial  sands  and  gravels. 

The  Maquoketa  is  found  beneath  the  drift  also  in  a  channel 
apparently  tributary  to  the  buried  valley  of  the  Wapsipinicon. 
The  following  section  is  of  a  well  on  the  farm  of  J.  McQuesney 
(northwest  quarter  of  the  northeast  quarter  of  section  18,  town- 
ship 93,  range  XI  W.). 

THI0KNE88  IN  FBBT.       DBPTH. 

Drift 200  200 

Shale 60  260 

Lime  rock 23  283 

In  the  same  section  a  well,  belonging  to  August  Schmidt  and 
situated  on  the  northeast  quarter  of  the  northwest  quarter, 
found  the  shale  below  the  drift. 

THICKNESS.     DBPTH. 

Drift  clays  135  135 

Quicksand 60  195 

Blueclay 25  220 

Shale  (Maquoketa) 2  222 

It  will  be  noted  that  the  thickness  of  the  shale  as  given  in 
the  above  well  records  varies  from  87  to  300  feet,  taking  only 
those  wells  in  which  shale  is  found  inclosed  between  both  upper 
and  lower  limestones.  These  wide  differences  are  due  prob- 
ably to  the  fact  that,  as  Savage  has  shown  in  Fayette  county, 
the  Maquoketa  comprises  both  a  lower  and  an  upper  shale  part- 
ed by  thick  beds  of  limestone.  Where  the  shale  is  found  of  the 
maximum  thickness  we  may  infer  that  the  entire  Maquoketa 
was  passed  through,  the  middle  Maquoketa  not  being  recog- 
nized in  the  records,  while  in  the  minimum  thicknesses,  we  may 
suppose  that  the  limestone  in  which  the  well  ended  is  that  of 
the  middle  Maquoketa.     At  Sumner  the  three  members  are  well 
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distinguished  in  the  log  of  the  city  well,  the  total  thickness  of 
the  Maquoketa  being  220  feet.  At  Waverly  the  deep  well  sec- 
tion does  not  show  the  intercalary  limestones,  the  total  thick- 
ness being  here  150  feet. 

SILURIAN   SYSTEM. 
Niagara  Series. 

Local  upwarps  have  liftcnl  these  limestones  wliich  overlie 
the  Ma(|iioketa  shale  so  that  tliey  appear  upon  the  surface  at 
several  points  in  the  county — about  three  and  a  half  miles  west 
of  Tripoli  find,  southeast  of  Waverly,  on  Baskin  run  and  near  the 
mouth  of  Quarter  Section  run. 

No  doubt  the  Nia<^ara  is  concealed  over  considerable  areas 
about  these  outcrops  by  the  heavy  mantle  of  glacial  drift.  In 
the  southeastern  portion  of  the  county  it  is  also  highly  probable 
that  the  Niagara  immediately  underlies  the  deep  drift  of  the 
region,  as  it  comes  to  the  surface  a  few  miles  to  the  southeast 
at  Fairbank.  As  in  other  counties  so  here  detailed  investiga- 
tions of  the  present  Survey  have  rectified  the  frontier  between 
the  Devonian  and  the  Silurian  largely  at  the  expense  of  the 
former  as  drawn  on  the  geological  maps  of  the  earlier  surveys. 
Thus  in  Buchanan  county  Calvin  found  that  a  strong  upfold  of 
the  strata  had  lifted  the  Niagara  above  the  position  which  it 
naturally  would  occupy.  To  this  upwari)  is  due  the  broad  tri- 
angular salient  of  the  Niagara  in  northci'u  Buchanan  and  soutn- 
ern  Fayette  counties  which  brings  it  nearly  the  width  of  an 
entire  county  west  of  the  genc^ral  trend  of  its  boundary  line.  The 
survey  of  Bremer  county  again  advances  the  Niagara  to  the  west 
by  nearly  a  county  breadth,  bringing  it  to  the  Cedar  river 
below  Waverly.  Nowhere  above  this  point  is  the  Niagara 
seen  in  the  immediate  valley  of  the  Cedar,  nor  does  it  again 
appear  to  the  south  until  one  reaches  the  Niagara  outcrops  of 
southern  Linn  county  below  Cedar  Itapids.  The  outcrop  near 
Tripoli  is  aligned  with  the  Oelwein-Fairbank  anticline  and  is 
perhaps  an  extension  of  it.  No  rock  outcrops  between  the  Trip- 
oli and  Fairbank  exposures,  the  entire  country  being  buried 
beneath  one  hundred  feet  and  more  of  drift. 
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Outcrop  three  and  one-half  miles  west  of  Tripoli 
(southeast  quarter  of  the  southwest  quarter  of 
section  36,  township  93,  range  XIII  W.).  The  occur- 
rence of  Niagara  dolomite  so  far  within  the  Devonian  boun- 
daries as  they  have  hitherto  been  drawn  is  of  peculiar  interest. 
Fortunately  the  presence  of  distinctive  Silurian  fossils  leaves  no 
possibility  of  doubt  as  to  the  age  of  the  outcrop  and  forbids  it 
to  be  mistaken  for  the  lithologically  similar  Devonian  dolomite 
which  in  northeastern  Jowa  had  been  sometimes  confounded 
with  it  before  the  present  survey.  This  outcrop  lies  on  the  left 
bank  of  Crane  creek,  and  is  disclosed  by  the  cutting  of  the  road 
along  the  south  line  of  section  thirty-six  of  Douglas  township. 
The  valley  of  the  creek  is  here  cut  but  about  thirty  feet  below 
the  neai'ly  level  surface  of  the  lowan  upland. 

FEET. 

2.     Geest,  dark  red,  unctuous  residual  clay.wiih  much  yellow  chert 

and  fragments  of  silicified  corals. . . , I 

1.  Doloruite,  in  weathered  mas<?es  of  buft  col  r  with  hard  subcrys- 
talline  gray  cores,  highly  vesicular,  in  places  contaiDing 
nodules  of  flint,  fossiliferous,  with  numerous  casts  and 
molds  of  crinoid  stems,  corals,  etc 5 

The  following  fossils  were  found  to  occur  in  this  dolomite, 
so  far  as  determinable: 

Calymene  ntagaretise. 

lllcenus^  pygidium. 

Haly sites  catetiulalus  Linr. 

Pavosites  favosus  Gold  fuss. 

F.  hisingeri. 

//.  liolites  subtubulatus . 

Stromatopora  sp . 

Zaphrentis  sp . 

Stf eptelasma  sp. 

A  chemical  analysis  of  the  rock  shows  it  to  be  a  typical  dolo- 
mite. 

SiOa 1.53 

Fe,03 48 

CaCOg 54.32 

MgCOft    43.41 

HaO   i'S 

100  00 
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Section  at  Old  Limekiln  quarry  (southwest  quarter  of  the 
southeast  quarter  of  section  17,  township  91,  range  XIII  W.). 

FBBT. 

3.  Breccia  composed  of  sharp  ang^ular  frag^ments  of  a  drab,  laminat- 
ed limestoae,  of  lithographic  fiaeaeas  of  strain,  the  laminae 
in  places  flexed  and  brokea  but  retaining:  an  approximate 
parallelism,  matrix  s^ray,  nonfossiliferous,  sparse  in  amount. 
Breccia  of  typical  Lower  Davenport  type I 

2.  Sandstone  filled  with  small  ans:u1ar  fragments  of  white  chert , 
in  two  or  three  layers,  resting  with  apparent  comformity  on 
No.  1 H 

L  Dolomite,  light  buff,  crystalline,  vesicular,  with  cavities  up  to 
eight  inches  in  diameter  at  from  the  removal  of  corals;  in 
heavy,  irregular,  rough  surfaced,  horizDntal  beds  up  to  two 
feet  thick;  main  j Dints  vertical,  ruaning  North  13°  East; 
fossiliferous  with  nnmiTous  /fahsiUs  caUnulalus;  general 
facies  of  the  Hopkinton  stage  13 

The  floor  of  the  quarry  lies  about  thirty  feet  above  the  level 
of  Baskin  run  a  few  rods  east.  No.  1  is  Niagara,  and  Nos.  2 
and  3  are  of  the  Wapsipinicon  stage  of  the  Devonian.  This  most 
interesting  contact  between  the  Silurian  and  Devonian  will 
again  be  mentioned  under  the  Devonian  sections. 

Section  on  Quarter  Section  run  (southeast  quarter  of  the 
southwest  quarter  of  section  20,  township  91,  range  XIII  W.). 

Here  a  small  branch  trenches  the  side  of  the  valley  of  Quar- 
ter Section  run  displaying  the  following: 

FBBT. 

1.  Limestone,  greenish  yellow,  subcrystalline,  argillaceous,  weath- 
ering to  irregular,  rough-surfaced  layers,  from  one  to  four 
inches  thick.  Dip  south,  varying  in  amount,  reaching  as 
high  as  13^.  General  facies  that  of  the  lower  members  of 
Hopkinton  stage 8 

The  same  beds  recur  a  few  rods  east  along  the  left  bank  of 
Quarter  Section  run  (southeast  quarter  of  the  southwest  quar- 
ter of  section  20,  township  91,  range  XIII  W.),  and  in  both 
cases  are  overlain  by  an  interesting  succession  of  beds  of  the 
Wapsipinicon  stage  of  the  Devonian. 

The  fossils  of  the  Niagara  here  collected  are  as  follows: 

Leptaena  rhomboidalis 
Camerotoechia  sp. 
Orthoceras  union fn sis 
Encrinurus  nereus . 
Hafysites  catenulaius. 
Stromatopora  sp. 
Fa vo sites  sp. 
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DEVONIAN  SYSTEM. 

WAPSIPINICON  STAGE. 

It  has  already  been  stated  that  the  Devonian  rocks  of  the 
comity  fall  into  two  divisions,  the  Cedar  Valley  and  the  Wapsi- 
pinicon.  The  lower  of  these  stages,  the  Wapsipinicon,  has  been 
subdivided  in  counties  to  the  south  of  our  area,  where  it  is  thick- 
est and  its  terranes  most  fully  represented,  into  several  sub- 
stages,  the  Upper  Davenport,  the  Lower  Davenport,  the  Inde- 
pendence, the  Otis,  and  the  Coggon,  to  name  them  in  their  order 
from  the  highest  downward.  The  Upper  Davenport  has  not 
been  recognized  in  Bremer  county.  The  Coggon  limestone 
may  be  considered  as  merely  a  dolomitized  or  highly  magnesian 
phase  of  the  Otis,  since  it  has  been  found  to  carry  fossils  char- 
acteristic of  the  Otis  and  known  in  no  other  substages  of  the 
Devonian  of  Iowa.  Neither  in  this  magnesian  phase,  nor  in  the 
phase  of  a  non-magnesian  limestone  has  the  Otis  been  recognized 
in  Bremer  county.  The  two  substages  of  the  Independence  and 
the  Lower  Davenport  occur  in  some  force  on  the  Cedar  at  Janes- 
ville  and  from  near  the  mouth  of  Quarter  Section  run  up  river 
to  near  Waverly  and  also  up  the  small  stream  and  its  tributary 
ravines. 

LOWER  DAVENPORT  SUB-STAGE. 

Along  nearly  the  entire  outcrop  of  the  lower  strata  of  the 
Devonian  in  Iowa  there  has  been  recognized  a  group  of  beds  of 
non-fossiliferous  limestone  of  peculiar  facies  sharply  set  off 
from  fossil  if  erous  beds  above  and  from  shales  or  im- 
pure argillaceous  and  often  cherty  limestones  beneath. 
These  have  been  termed  by  the  writer  the  Lower  Dav- 
enport beds  from  their  occurrence?  in  their  typical  form  at 
Davenport.  In  its  commonest  lithological  type  the  Lower  Dav- 
enport is  a  hard  compact  and  homogeneous  limestone,  non-crys- 
talline, of  almost  lithographic  fineness  of  grain,  brittle,  breaking 
with  smooth  conchoidal  or  splintery  fracture.  In  color  it  ranges 
from  dark  to  light  drab.  It  is  often  finely  laminated,  the  laminae 
usually  being  strongly  coherent  and  their  edges  etched  on 
weathered  surfaces.  Because  of  its  brittleness  this  limestone 
has  yielded  by  fracture  in  many  places  to  lateral  pressure,  pro- 
ducing a  crush  or  pressure  breccia,  consisting  usually  of  a  mass 
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of  small  fragments  set  close  at  all  angles  without  trace  of  bed- 
ding planes.  The  fragments  retain  a  flint-like  sharpness,  and 
the  matrix  is  commonly  sparse  and  of  much  the  same  material, 
though  more  granular  and  slightly  lighter  colored  and 
less  resistant  to  the  weather.  AVhere  the  stresses  were 
most  severe,  fragments  of  these  beds  have  been  mingled 
also  with  earthy  yellow  limestones  beneath,  and  with 
fossiliferous  limestones  of  higher  stages.  Outcrops  of 
the  brecciated  Lower  Davenport  beds  have  been  described 
at  Davenport,  at  various  localities  in  Cedar  county,  at 
Solon  in  Johnson  county,  at  Independence  in  Buchanan  (»ounty, 
at  Fayette,  between  Vinton  and  Mt.  Auburn  in  Jienton  county, 
and  at  a  number  of  places  along  the  Cedar  and  AVapsipinicon 
rivers  in  Linn  county.  With  these  brecciated  beds  the  author 
has  grouped  beds  of  similar  facies  but  slightly  or  not  at  all 
disturbed,  such  as  those  of  the  government  reservation  of  Rock 
Island,  at  Oilbertville  and  Devil's  Den  near  Davenport,  and  at 
iJochester  in  Cedar  county.  Here  also  should  probably  be 
placed  the  limestone  weathering  to  thin  plates  and  only  slightly 
flexed  which  occurs  beneath  the  brecciated  beds  at  Fayette.  The 
Lower  Davenport  thus  includes  massive  as  well  as  laminated 
limestones,  a  lateral  alternation  between  the  two  occurring  some- 
times in  the  same  stratum.  The  formation  is  bounded  beneath 
by  the  Independence,  and  when  this  locally  fails  to  appear  it 
is  difficult  or  quite  impossible  to  distinguish  the  unbrecciated 
Lower  Davenport  from  the  Otis,  when  the  latter  is  unfossil- 
iferous,  so     like  are  the  two  formations  lithologically. 

INDEPENDENCE  SUB-STAGE 

In  its  typical  exposure  in  a  miner's  shaft  near  Independence 
this  formation  was  found  to  be  a  fine  fissile  and  highly  fossil- 
iferous shale,  varying  in  color  from  light  gray  to  black.  The 
rich  and  interesting  fauna  was  described  in  detail  by  Calvin 
and  a  new  formation  added  to  the  Devonian  of  the  West.  Since 
their  early  discovery,  shales  of  the  typical  fossiliferous  or  car- 
bonaceous type  have  been  rarely  found  in  the  exploration  of  the 
Devonian  during  the  progress  of  the  i^resent  survey,  the  only 
outcrop  known  being  that  of  a  gray  clayey  shale  carrying  the 
typical  Independence  fauna  in  the  cut  of  the  Chicago,  Milwaukee 
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and  St.  Paul  Railway  west  of  Linn  Junction  in  Linn  county, 
where  it  is  associated  immediately  with  the  breccia.  The  geo- 
logical report  on  Linn  county  cites  two  instances  where  the  same 
typical  fossiliferous  or  carbonaceous  shale  was  discovered  by 
wells.*  In  a  large  number  of  localities,  however,  argillaceous 
limestones  or  calcareous  shales  have  been  found  to  underlie  the 
Lower  Davenport,  or  to  rest  upon  the  Otis,  and  these  though 
unfossiliferous  have  been  referred  to  the  same  horizon  as  the 
shale  at  Independence.  Thus  at  Kenwood  there  occurs  beneath 
the  breceiated  beds  some  thirty  feet  of  variable  clayey  lime- 
stones and  limy  shales,  and  these  outcrop  in  force  at  a  number 
of  places  in  and  about  Cedar  Rapids.  In  Scott  county  rough 
brown  earthy  and  ferruginous  limestones  are  found  resting 
upon  the  Otis  along  Crow  Creek.f  In  t'edar  county  similar 
soft  brown  clayey  limestones  sometimes  associated  with  shaly 
beds  occur  at  various  localities  in  the  same  relations.:]:  In  Ben- 
ton county  also,  in  Cedar  township,  Savage  records  the  occurr- 
ence imjiiediately  beneath  the  breceiated  Lower  Davenport  of 
impure  bulf  magnesian  limestone,  in  places  arenaceous,  and 
with  two  feet  of  gray  calcareous  shale.§  Moreover,  the  lowest 
phase  of  the  breceiated  beds  of  the  Wapsipinicon  as  defined  by 
the  writer  has  as  its  abundant  matrix  an  earthy  buflf  or  brownish 
limestone  altogether  similar  to  the  underlying  clayey  limestones 
of  the  Independence.*  *  This  also  has  been  distinguished  widely 
over  the  Devonian  area,  as  for  example,  in  Johnson  county  by 
Calvin  in  the  vicinity  of  Solon.f  f 

A  special  feature  of  the  Independence  beds  remains  to  be  men- 
tioned, their  silicerous  inclusions.  These  consist  of  angular 
siliceous  fragments,  varying  from  sand  to  fragments  a  few 
inches  in  diameter,  and  lenticular  nodules  reaching  a  foot 
or  more  in  length,  and  are  so  common  and  so  constant  that  they 
serve  as  one  of  the  diagnostics  of  this  horizon.  With  this  men- 
tion of  the  characteristics  of  the  lower  strata  of  the  Devonian 
in  the  areas  where  they  are  most  fully  represented,  w(»  arc^  now 
l)repared  to  consider  their  occnrren(*e  in  I>romcr  county. 

*Iowa  Geological  Survey.  Vol.  4-,  p.  157,  DesMoinev,  189.*). 
tlowa  Geolosrical  Survey,  Vol  9.  p.  442,  Des  Moines,  1899. 
tlowa Qeolosrical  Survey,  Vol.  11,  pp.  333,335  Des  Moines,  1901. 
|Iowa  Geolosrical  Survey,  Vol.  15,  p.  159,  Des  Moines.  •1905. 
**Iowa  Geolosrical  Survey,  Vol.  4,  p.  158,  Des  Moines,  1895. 
ttlowa  Geolosrical  Survey,  Vol.  7,  p  68  Des  Moines,  1897 
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SECTIONS  OP  THE  WAP8IPINI00N  STAGE 

No.  1.  Southeast  quarter  of  the  southwest  quarter  of  section 
20,  township  91 ,  range  XIII  W.  In  ravine  tributary  to  Quarter 
Section  run. 

FBBT 

6.  Limestone,  massive,  in  one  undivided  layer  weathering  to 
scoriaceous  surface  in  places  and  in  other  places  to 
smooth  surface.  Color  mottled,  prevailingly  a  light 
brownish  drab,  weathering  to  lighter  gray,  slightly 
vesicul  ir,  fracture  uneven 4 

5.    Limestone  of  same  facies  as  above  in  layers  of  about  eight 

inches 2 

4.  Concealed 15 

3.  Limestone    of  facies  of  Nos.   5  and   6,    but    in    separable 

laminae 1 

2.  Cherty  sandstone;  in   layers   from  four  to  six  inches  thick, 

chert  fragments  angular,  small,  those  of  an  inch  and 
one-half  being  rare,  sand  fine,  of  moderately  well 
rounded  grains  of  clear  quartz  and  of  minute  angular 
grains  of  cryptocrystalline  silica,  cement  calcareous. 
Not  seen  in  place  but  scattered  in  slabs  over  a  slope  of  5 

1.  Niagara  limestone,  exposed   a  few   rods   down   stream;    de- 

scribed on  page  344 8 

No,  2,  Farther  to  the  west  the  same  series  outcrops  on  a 
bluff  on  the  left  bank  of  Quarter  Section  run,  (southwest  quar- 
ter of  the  southwest  quarter  of  section  20,  township  91,  range 
XIII  W.) 

FEET. 

5.  Slope  of  hillside  strewn  with  gray  bowlders  of   weathering  of 

facies  of  No.  6  of  preceding  section,  but  generally 
smooth  surfaced 38 

4.  Concealed 10 

3.  Fragments  of  cherty  sandstone,  same  as   No.    2  of  preceding 

section;   scattered  over  slope 5 

2.  Niagara  limestone,  No.  1  of  preceding  section  but    with  layers 

horizontal 6 

1.  Concealed  to  water's  edge 2 

Limestone  of  the  Lower  Davenport  is  also  seen  on  Baskin  run 
where  four  feet  are  exposed  four  feet  above  the  bed  of  the  creek. 
(Southwest  quarter  of  the  northwest  quarter  of  section  28, 
township  91,  range  XIII  W.) 

No.  3,    Section  at  Janesville  on  left  hmik  of  Cedar  river. 

2.  Limestone,  fossiliferou).  Cedar  Valley  stage. 

1.  Breccia,  matrix  a  soft  yellow  limestone  in  which  the  fragments 
are  set  without  apposition,  orientation  or  arrangement, 
fragments  sharp -edged,  showing  no  signs  of  water-wear, 
usually  small,  those  exceeding  an  inch  in  diameter  being 
rare,  and   many    but  from   one  to   three   millimeters  in 


^ 
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diameter;fragments  mostly  of  a  bard,  dense, drab  limestone 
of  finest  grain,   surfaces  often  crackled,  laminated,  bat 
laminae  thoroughly  coherent.     Other  fragments  of  a  very 
different  lithologieal  type  occur.  These  are  composed  of  a 
buff  earthly  limestone  similar  to   the  matrix.     Some  of 
these  are  so  arenaceous  with  sharp  sand  of  chert  and 
rounded  grains  of  clear  quartz  as  to  deserve  the  name 
of  sandstone.     These  latter  are  practically  identical  with 
the  cherty  sandstone  of  the  preceding  sections,  (p. 340) . 
In  places  the  breccia  has  weathered  to  a  yellow  calcareous  clay 
with  residual  masses  of  dingy  limestone  highly  vesicular 
from  the  removal  by  solution  of  the  small  angular    lime- 
stone fragments;  total  exposure  to  water's  edge 14  fbbt 

The  above  section  is  not  particularly  well  exposed,  and  is 
made  out  in  part  from  bowlders  of  weathering,  which  seem  to 
represent  the  rock  ledge  of  their  horizon.  No.  2  is  exposed 
only  some  rods  above  the  mill  dam;  No.  1,  both  there  and  imme- 
diately below  the  dam. 

Up  the  valley  from  Janes ville  there  are  several  exposures  of 
Devonian  limestone  along  the  river's  banks  in  section  26,  town- 
ship 91,  range  XIV  W.,  but  all  are  of  the  Cedar  Valley  stage 

TheWapsipinicon  stage  recurs  along  the  Cedar  river  north 
of  the  mouth  of  Quarter  Section  run,  in  the  southwest  quarter 
of  the  southeast  quarter  of  section  18,  township  91,  range  XIII 
W.  The  lowest  bed  here  seen  is  a  ledge  five  feet  thick  outcrop- 
ping along  the  river  at  the  water's  edge  and  resembles  litholog- 
ically  in  some  respects  Nos.  3,  5  and  6  of  section  No.  1,  page  348. 
It  lies  in  irregular,  rough-surfaced  layers,  eight  and  twelve 
inches  thick,  composed  of  coherent  laminae,  some  hard  and  dense 
alternating  with  others  of  lighter  color  and  either  originally 
vesicular  or  weathered  to  this  condition.  These  laminae  are 
irregular,  undulating,  and  in  places  broken,  giving  here  to  the 
weathered  rock  a  finely  f ragmental  appearence. 

A  few  rods  north  of  this  ledge,  and  apparently  succeeding  it 
vertically,  is  a  breccia  of  the  type  of  that  at  Janesville,  out- 
cropping at  about  eight  feet  above  the  river.  A  few  rods  south 
of  the  ledge  first  mentioned  and  twenty-five  feet  above  water 
level  outcrops  a  breccia  composed  of  close-set  drab  fragments 
of  the  Lower  Davenport  tjrpe  imbedded  in  a  sparse  matrix  of 
similar  color.  This  breccia  is  wholly  of -the  second  phase  of  the 
Fayette  breccia  as  the  author  has  defined  it,  while  the  Janesville 
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type  corresponds  with  the  first  phase.*  Breccia  of  the  second 
phase  was  foinid  also  two  and  one-half  miles  up  river  from 
these  exposures  (northwest  quarter  of  northeast  quarter  of  sec- 
tion 12,  township  91,  range  XIV  W.),  below  the  quarry  of  the 
Cedar  River  Stone  Co.  Here  a  ledge  about  five  feet  thick  out- 
crops three  feet  above  water  level,  the  breccia  being  composed 
of  small  fragments  of  hard  dense  brittle  lithographic  limestone, 
drab  in  color  but  weathering  to  lighter  gray,  set  in  a  gray 
matrix.  In  places  the  long  laminated  fragnicMits  retain  an 
approximate  parallelism  tliough  detached  and  flexed  fragments 
were  also  noted. 

North  of  Waverly  the  breccia  was  not  recognized,  nor  is  it 
known  to  occur  in  lilack  Hawk  county  on  the  Cedar  river.  The 
outcrop  of  these  beds  of  the  Wapsipinicon  and  that  of  the  Niag- 
ara in  southern  Bremer  countj^  is  therefore  due  to  an  upwarp 
whose  summit  seems  to  lie  in  the  southeastern  sections  of  Wash- 
ingtoa  and  the  adjacent  northeastern  sections  of  Jackson  town- 
shii3... 

Comparing  these  sections  of  the  Wapsipinicon  stage  in  Bre- 
mfer  county  with  those  of  the  counties  along  the  southeastern 
outc><^  of  tlie  Iowa  Devonian,  where  the  terrane  is  thicker  and 
its  subdivisions  more  clearly  marked,  we  note  first  the  strong 
resemblance  of  the  cherty  sandstone  which  rests  immediately 
on  the  Nini2:ara  of  the  Liniekihi  section  on  p.  344,  and  that  of 
sections  1  ami  2  (j).  :>4S)  and  the  clierty  fragments  of  tho 
Janesville  breccia  to  the  cherty  and  arenaceous  beds  of  the  Inde- 
pendence as  seen  at  Kenwood  and  many  other  localities.  As?;um- 
ing  that  these  cherty  beds  in  Bremer  county  are  the  equivalent  of 
the  Independence,  all  the  higher  l)ods  of  the  AVapsipinicon  fall 
into  the  I.ower  Davenport  substage.  If,  however,  the  cherty 
sandstone  in  southern  Bremer  derived  its  cherts  from  the  Niag- 
ara upon  which  it  rests  as  a  l)asal  conglomerate,  the  above  cor- 
relation can  not  be  safely  made,  since  the  cherts  of  the  Indepen- 
dence seem  in  all  cases  to  be  derived  from  its  own  cherty  nodules. 

The  Wapsipinicon  limestones  of  the  county  are  character- 
ized by  the  slightness  of  their  magnesian  content,  as  are  the 

*Iowa Geolosrical  Survey,  vol.  4,  p.  158,  Des  Moines,  1895. 
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Wapsipinicoii  limestones  of  the  Otis  and  Lower  Davenport  sub- 
stages  in  other  areas.  This  is  shown  by  their  very  ready  and 
brisk  effervescence  in  cold  dilute  HCl,  and  still  more  satis- 
factorily by  the  following  analysis  of  No.  6,  of  section  1,  page 
348. 

SiOa    71 

Fe,  O3  and)  45 

Al,  O3  i     

CaCOg     96.57 

MgCOg 180 

H,  O     51 

100  05 

Three  wells  in  sections  20  and  21  of  Jjafayette  township 
pierced  the  Independence  shale*  in  wliat  appears  to  be  its  facies 
at  Independence,  if  Ave  may  judge  from  the  log  of  the  drillers 
alone. 

Wrll  of  B.  Bennett,  (southeast  (juarter  of  the  southwest  (|uar- 
U'v  of  section  20,  township  02,  range  XIV  W.). 

THICKNESS  IN  FEET.       DEPTH  IN  PBET. 

5.     Drift,  yellow  clay 10  10 

4.     Blue  clay 60  70 

3.  Limestone 44  114 

2.  Gray  shale,  Independence 10  124 

1.  Limestone 14  138 

Well  of  Wm.  M.  Colton,  (soutlieast  quarter  of  the  northeast 
quarter  of  section  20,  township  92,  range  XIV  W.). 

THICKNESS  IN  PEBT.  DEPTH  IN  PBET 

4.  Drift 20  20 

3.  Limestone 30  50 

2.  Shale,  black,  Independence 15  65 

1.  Limestone 27  92 

Well  of  E.  Chase,  (northwest  quarter  of  the  southwest  quar- 
ter of  section  21,  township  92,  range  XIV  W.)- 

THICKNESS  IN  FEET  DEPTH  IN  FKBT- 

4.  Drift 30  30 

3.  Limestone 50  SO 

2.  Limestone    and  shale,  several   beds  (<f   shale    four 

and  five  feet  thick,  Independence 40  120 

1.     Limestone 10  130 

CEDAR  VALLEY  STAGE. 

The  limestones  of  the  Cedar  Valley  stage  of  the  Devonian 
comprise  a  number  of  varieties,  some  of  which  are  widely  sep- 
arated.    Soft,   earthy,  granular,  buflf  limestones  with  geodic 
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cavities  are  perhaps  most  common.  There  are  also  exceedingly 
tough  granular  limestones,  soft  friable  dolomites  and  dolo- 
mites of  harder  texture.  The  beds  contain  considerable  mag- 
nesia, and  are  distinguished  from  the  Wapsipinicon  limestones 
which  underlie  them,  by  this  feature  as  well  as  by  their  higher 
argillaceous  content,  by  their  coarser  grain,  and  by  the  absence 
of  brecciation. 

Still  more  clearly  are  they  demarked  by  their  fossils.  The 
assemblage  of  fossils  characteristic  of  the  highest  Wapsipini- 
con substage  has  not  been  observed  in  Bremer  county;  the  low- 
est fossiliferous  beds  observed  carry  the  fossils  associated  with 
Spirifer  penfiatus  at  the  Independence  quarries  and  elsewhere. 

SECTIONS  OP  THE  CEDAR  VALLEY  STAGE. 

We  may  consider  first  the  beds  exposed  at  Waverly,  since 
these  give  a  considerable  vertical  range,  and  are  well  seen  in 
the  numerous  quarries  opened  in  the  vicinity  of  the  town. 

The  lowest  rocks  here  seen  are  those  of  the  pit  in  process  of 
excavation  in  1905  for  the  City  Power  Plant  at  the  foot  of  the 
dam  on  the  left  bank  of  the  river,  at  a  level  of  about  eight  feet 
below  the  water  level  below  the  dam.  The  normal  type  of  this 
rock  is  a  hard,  ringing,  yellow  limestone  containing  many  fos- 
sils. Cores  of  the  stone  are  in  places  bluish,  and  considerable 
is  much  weathered  and  decayed,  leaving  perfect  fossils  easily 
disengaged  from  the  whitish,  clayey,  rotten  stone.  Atrypa  as- 
pera  occidentalis,  of  the  coarse-ribbed  type  is  very  common,  as 
are  the  large  form  of  Atrypa  reticularis  and  Spirifer  pennatus. 
Orthis  iowensis  is  not  rare  and  with  it  occurs  the  variant  of 
0.  Macfarlanei.  Cyrtina  hfimiltonensis  and  Productella  sub- 
alata  were  also  collected  here.  The  horizon  is  clearly  that  of  the 
Spirifer  pennatus  beds  at  Independence. 

Several  quarries  have  been  worked  for  many  years  in  the 
north  part  of  Waverly  along  the  left  bank  of  the  Cedar  river. 
The  following  section  taken  at  the  quarries  of  A.  S.  Mores  is  typ- 
ical. 

Section  No.  1.    Mores'  quarry,  Waverly. 

FBBT. 

3.  Limestone,  yellow,  fine  sprained,  non- fossiliferous  so  far  as 
obsenred,  heavily  bedded,  crossed  with  close  diagonal  joints 
containing  nnaierons  geodic  cavities  up  to  six  inches  in  diame- 
ter lined  with  do(i:-tooth  spar,  and  concretionary  balls  marked 
with  reddish  concentric  fermginous  stains 10 
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FBBT. 

2.  Limostone,  yellov^.  arg^illaceous.  weathering  above  to  calcare- 
ous places  one-halt  inch  and  upwards  in  thickness;  below  more 
massive,  weathering  to  irregular  chipstone,  geodiferous,  spar- 
ingly fossiliferous,  only  asmall  AtryPa  reticularis^  and  A.  asperm- 
occidentaliSy  and  a  Stropheodonia  plicata  being  noted,  besides 
some  unidentified  fragments  of  fish  remains 8 

1.  Limestone,  yellow,  hard,  tough,  layers  up  to  four  feet  thicki 
fossiliferous,  in  places  a  coquina,  fossils  difficult  to  disengage, 
among  them  Spirifer Pennatus ,  Orthis  iowensis,  O,  macfar- 
lanei^  Gypidula  comis ,  Productella  subalaU,  A  try  pa  reticularis 
and  A,  aspera  occidentalism  to  flood  plain  of  river 10 

Section  No.  2.     G.  W.  Beebe's  quarry. 

This  quarry  had  recently  been  opened  at  the  time  of  the  sur- 
vey. Though  not  developed  sufficiently  for  a  satisfactory  sec- 
tion, it  was  seen  that  the  rock  is  identical  with  No.  2  of  Mores 
quarry.  It  contains  a  few  flint  nodules,  besides  calc-spar  ge- 
odes  up  to  eight  inches  in  diameter. 

North  of  Beebe's  quarry,  which  is  just  outside  the  corpor- 
ation limit,  are  a  nimiber  of  other  quarries  opened  many  years 
ago  along  the  bluffs  skirting  the  river.  The  following  is  a 
generalized  section  of  these  quarries: 

Section  No.  3 — Old  Quarries  North  of  Waverly, 

FBBT. 

5.  Limestone,  light  yellow,  fine  grained,  obliquely  jointed,  the 
master  joints  running  north  and  south,  bedding  planes  fairly 
regular  and  even,  lower  layers  about  oae  foot  thick,  upper  por- 
tion weathers  to  layers  of  about  four  inches,  geodei  common, 
some  a  foot  in  diameter;  fossils  rare,  Atrypa  reticularis^  A .  as- 
perm  occidentalis ,  Orthis  iowensis^  and  a  Productus  the  only 
ones  noted.  Eipecially  toward  the  summit  of  these  beds  crev- 
ices and  seams  of  the  rock  are  lined  and  filled  with  calcite  (cal- 
cium carbonate)  and  with  barite  Cbarium  sulphate) . 
These  chemical  deposits  are  particularly  heavy  in  places  where 
the  rock  has  been  disturbed  and  fractured.  On  the  sides 
of  enlarged  joints  and  on  dislocated  masses  are  found  selvages 
up  to  a  foot  wide  of  interlocking  calcite  crystals,  yellowish 
brown  in  color  and  with  a  strong  odor  of  petroleum  when  struck 
with  the  hammer.  Upon  the  calcite  rests  the  barite  as  an  inner 
and  later  deposit  forming  often  vesicular  masses  up  to  one  foot 
thick.  On  the  other  hand,  geodes  occur  with  a  thin  lining 
layer  of  barite  covered  with  inward  pointing  crystals  of  calcite 
(dog-tooth  spar) 24 

4.     Concealed 4 
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FEET. 

3.  Limestone,    {^ray  or   bluish  gray,  weathered    ia    places    to    buff, 

touf^ii,  hard,  ia  heavy  layers,  geodiferous,  io  places  spariDgly 
tossiliferous,  in  places  a  coquina,  irregular  and  discontinuous 
seams  filled  with  calcite,  fossils  observed,  AiryfiarettcuUfis^  A. 
aspera  occidentalis  and  Spirifer  pennaius 8 

1.  Limestone,  yellow,  breaking  iuto  thin  irregular  lamicse  on 
weathering,  hivihly  fossiliferous  with  Spirifer  Pennaius,  Orthis 
niacfarlanei ,  A  try  pa  reticularis  and  Spirifer  bitnesialts   2 

1 .     Concealed  to  water's  edge  in  mill  pond 8 

In  the  southeast  part  of  Waverly  adjacent  to  the  tracks  of  the 
Chicago  Great  AVestorn  Railway,  a  quarry  was  opened  in 
1905  by  Peter  Fosselmann  at  the  base  of  a  hill  and  at  the  level 
of  the  flood  plain  of  the  Cedar  river.  Below  about  seven  feet 
of  spalls  there  are  exposed  some  ten  feet  of  disturbed  limestone 
dipping  southwest  13  degrees.  The  lower  layers  are  massive, 
a  coquina  of  gray  tough  limestone,  containing  Orthis  ioiroisis, 
Spirifer  pennaius,  and  Atrypa  reticularis. 

One  of  the  more  important  of  the  Waverly  (luarries  is  that  of 
O.  R.  Dean,  situated  in  the  southern  part  of  town  on  the  south- 
west side  of  the  river.  The  face  of  the  quarry  is  fifteen  feet. 
Below  a  stripping  of  five  feet  of  sand  and  sandy  humus  including 
also  a  few  inches  of  geest  on  top  of  the  rock,  the  stone  is  a  hard, 
ringing  limestone  with  sub-conchoidal  fracture,  dressing  to  face, 
and  durable.  A  stone  house  adjacent  to  the  quarry,  l)uilt  from 
its  surface  stone,  thirty  years  ago,  shows  no  signs  of  weathering 
either  in  the  way  of  rock  decay  or  of  cracking  and  breaking  of 
the  stone  under  frost  and  temperature  changes.  It  is  from  this 
quarry  that  the  sills  and  caps  of  the  high  school  building  were 
taken.  One  course  near  the  bottom  of  the  quarry  is  two  feet 
thick,  but  the  layers  run  as  a  rule  a  foot  and  less  in  thickness. 

Section  No.  4 — Nicholas  Quarry,  Waverly. 

FEET. 

6.     Soil,  sandy l)s 

5.     Sand,  brown,  somewhat  indurated     2 

4.  Geest,  unctuous,  fine,  reddish  and  yellowish  residual  clay,    mot- 

tled with  gray  where  deoxidized,  containing  numerous  residual 
fossils  in  silica,  chiefly  short  fragments  of  the  .stems  of  Diphy- 
phvllum,  with  f'avosHes  aipenensis^  and  valves  of  Pentamerella 

dubia 1 

J.     Limestone,  weathered  to  friable  rotten  stone  and  loose  rock-meal, 

with  cores  of  harder  rock  \% 
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FBBT. 

2.  Limestone,  firm  as  a  rule,  but  in  places  easily  cut  down  with 
trowel,  containing  nodules  of  white  chert 3 

1.  Limestone,  yellow,  heavily  bedded,  in  two  layers;  thin  chert 
nodules  occur  along  horizontal  lines;  widened  joints  and  pipes 
filled  with  geest  extend  to  the  quarry  floor 7 

The  cuts  of  the  Chicago  Great  Western  Railway,  one-half 
mile  east  of  the  station  and  beyond,  show  also  deeply  decayed 
limestone  due  probably  largely  to  preglacial  weathering.  Be- 
neath a  sandy  humus  and  brown  geest  containing  flints  and 
some  fossils,  the  limestone  is  disintegrated  to  meal  for  a  dis- 
tance of  four  feet  from  the  surface.  Underlying  this  is  twenty- 
two  feet  of  soft,  buff,  massive  limestone,  whose  layers  reach 
seven  feet  in  thickness,  with  numerous  geodes.  The  dolomitic 
nature  of  this  stone  is  indicated  in  the  following  analysis: 

Fes  Os 1  21 

SiOg 9.07 

Al,  O3 2  16 

CaCOg 34.99 

MgCOa   51.64 

HjO  combined .64 

H,0  uncombined 29 

100.00 

The  cuts  near  the  quarry  of  the  Cedar  River  Stone  Co.  show  a 
firm,  hard  limestone  with  the  following  fossils:  Atrypa  reticu- 
laris, A,  aspera  occidentalis,  Spirifer  pennatus,  Stropheodonta 
demissa,  with  Stromatopora,  Favosites,  Cladopora  and  Aulaco- 
phyllum  as  corals. 

Higher  horizons  than  those  of  the  Waverly  quarries  occur 
near  town.  Thus  a  road  cutting  near  the  Harlington  cemetery 
displays  the  horizon  of  the  Acervularia  profunda  life  zone, 
which,  as  Calvin  has  shown  in  a  number  of  counties,  overlies  the 
Spirifer  pennatus  beds.  Along  with  this  characteristic  coral 
occur  specimens  of  Favosites  and  Aulacophyllum  too  imper- 
fectly preserved  for  specific  indentification. 

The  same  horizon  of  the  Acervularia  profunda  beds  was  found 
northeast  of  W£|,verly  (southeast  quarter  of  the  northwest  quar- 
ter of  section  36,  township  93,  range  XIV  W.).  Here  the  occur- 
rence was  noted  also  of  two  species  of  Favosites,  Stromatopora, 
Diphyphyllum,  and  a  specimen  referred  with  some  uncertainty 
to  Alveolites  minima  Davis. 
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PISH  REMAINS  FBOM  WAVEBLY. 

The  quarries  north  of  Waverly  have  long  been  known  for  the 
well  preserved  remains  of  Devonian  fishes  which  they  contain. 
As  early  as  1875  an  item  published  in  a  local  paper,  relating  the 
finding  of  a  bona  fide  fish  at  Waverly,  attracted  the  writer's 
attention,  and  visiting  the  town  he  obtained  the  loan  of  the  inter- 
esting object, — not  indeed  a  fish,  as  its  appearance,  half  imbed- 
ded in  the  stony  matrix,  suggested,  but  an  immense  fish  tooth, 
identified  by  Newberry,  to  whom  the  writer  carried  it,  as  belong- 
ing to  Ptychtodus  calceolus  N.  &  W.  At  the  time  the  writer 
also  made  quite  a  collection  of  fish  remains  of  the  Waverly  quar- 
ries, a  collection  whose  value  was  greatly  increased  by  generous 
contributions  by  Mr.  Norris,  a  veteran  quarryman  of  the  town. 
All  these  were  safely  placed  in  the  museum  of  Cornell  college. 
It  is  to  be  regretted  that  further  than  the  fact  that  they  were 
obtained  from  the  quarries  north  of  town  little  is  known  of  the 
exact  horizons  of  the  remains.  It  is  wholly  probable  however 
that  they  belong  for  the  most  part  to  beds  2  and  3  of  section  1, 
and  bed  5  of  section  3.  Through  the  kindness  and  skill  of  Dr. 
C.  R.  Eastman  of  Harvard  University,  who  has  made  a  thorough 
study  of  the  Devonian  fishes  of  Iowa  for  the  Survey,  the  Waver- 
ly remains  have  been  identified  as  follows : 

HoloPtychiuSt  scalei,  very  similar  to  H.  Ilemingi  Ag;. 
Z>iif^A/Ar)f5^»5/»/(05M5  Eastman,  palato- pterygoid    dental    plate,    or 

"shear  tooth'*. 
Onychodus  sp. ,  presymphysial  tooth. 
Dipnoan  tooth,  resembling^  Syntheiodus  from  State  Quarry  beds  near 

Iowa  City. 
Ptychtodus  calciolus  N.  and  W.,  tritors. 
Ptychtodus  compressus  Eastman,  dental  plate. 
Rhynchodus  occidentalis  Newberry,  dental  plate. 

Dr.  Eastman  reports  also  from  the  same  horizon  fin  spines 
of  Heteracanthus  politus  and  tritors  and  dental  plates  of  a  large 
species  of  Ptychtodus  probably  P.  ferox  Eastman,  from  fossils 
collected  at  an  early  date  by  St.  John. 

In  explanation  of  these  rather  formidable  names  it  may  be 
said  of  the  fishes  which  thus  are  known  to  have  inhabited  the 
shallow  sea  whose  limy  oozes  hardened  to  the  rocks  of  the 
M^averly  quarries,  that  Holoptychius  was  a  '^fringe-finned 
ganoid"  whose  body  was  covered  with  small  overlapping  bony 
enameled  scales,  and  whose  paired  fins  were  lobed,  with  a  scaly 
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axis  whose  structure  suggests  that  of  the  limbs  of  the 
higher  vertebrates.  Dinichthys  was  a  ferocious  monster  eigh- 
teen feet  long,  equipped  with  powerful  jaws  and  protected  by- 
heavy  armor  plate.  Onychodus,  covered  with  bony  scales, 
reached  a  length  in  some  of  the  species  of  fifteen  feet.  Syntheto- 
dus  was  a  genus  of  lung  fish,  among  whose  modern  representa- 
tives is  the  Ceratodus  pf  Australia.  Ptychtodus,  Rhyncodus 
and  Heter acanthus  were  sharks. 

It  is  to  be  hoped  that  as  the  quarries  are  developed  local  col- 
lectors will  take  special  pains  to  secure  the  fish  remains  of  the 
Waverly  limestones,  and  to  preserve  them  for  the  service  of 
science. 

SECTIONS  OP  THE  CEDAR  VALLEY  STAGE  NORTH  OP  WAVERLY. 

Limestones  of  this  stage  outcrop  at  numerous  points  on  both 
sides  of  the  river  from  Waverly  north  to  the  county  line. 

Unfossiliferous  limestone  of  the  type  of  the  upper  beds  of 
the  Waverly  quarries  is  seen  along  the  north-south  road  in  the 
north  half  of  section  26  and  the  south  half  of  section  23  of 
Lafayette  township. 

In  the  southeast  quarter  of  the  northwest  quarter  of  section 
22  of  the  same  township  a  small  quarry  has  been  opened  in  the 
side  of  a  rocky  hill.  In  the  brown  and  buff  thin-layered  lime- 
stones here  exposed  no  fossils  were  seen  except  a  rare  Atrypa. 

In  the  same  township  the  following  section  is  exposed  in  the 
road. 

Section  No.  5.  (Southwest  quarter  of  the  southeast  quarter 
of  section  16,  township  92,  range  XIV  W.) : 

FBBT. 

3.  LimestODey  lig^ht  brown,  weathering  to  drab.  hard,  ringing, 
unf ossiferous,  laminated  to  plates  one  half  inch  thick .  8 

2.  Magnesian  limestone,  soft,  buff,  with  casts  of  Urge  Atrypa  reticu- 
laris    10 

1 .     Unexposed  to  flood  plain  of  river 5 

Unfossiliferous  beds  having  the  general  appearance  of  the 
upper  beds  at  Waverly  occur  in  the  northeast  quarter  of  the 
northwest  quarter  of  section  21  and  in  the  northwest  quarter 
of  the  southeast  quarter  of  section  9  of  Lafayette  township. 

North  of  Plainfield  in  the  extreme  northwestern  section  of 
Polk  township  are  several  interesting  exposures.  On  the  right 
bank  of  the  Cedar  river  (northwest  quarter  of  the  northeast 
quarter  of  section  7,  township  93,  range  XIV  W.),  there  have 
been  quarried  at  water  level  seven  feet  of  non-fossiliferous, 
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compact,  buflf,  magnesian  limestone,  in  layers  from  six  to  ten 
inches  thick,  containing  small  balls  and  irregular  nodules,  some 
with  concentric  ferruginous  stains,  and  often  fantastically  ag- 
gregated. The  stone  becomes  thin-layered  and  argillaceous  for 
a  few  inches  from  the  top.  The  dwelling  house  on  this  farm  is 
built  of  stone  from  this  quarry,  and  its  excellent  preservation 
shows  the  durable  nature  of  the  stone. 

On  the  left  bank  of  the  river  in  section  8  of  the  same  town- 
ship (southwest  quarter  of  the  soutfiwest  quarter  of  section  8, 
township  93,  range  XIV  W.)  for  five  or  ten  feet  above  the  flood 
plain  of  the  Cedar,  fragments  of  a  fine  grained  slate-colored  and 
in  part  brecciated  limestone  strew  the  hillside,  and  are  appar- 
ently derived  from  a  concealed  ledge.  These  may  represent  the 
lithographic  beds  found  well  up  in  the  Cedar  Valley  section  by 
Calvin  in  Mitchell  county.  They  resemble  closely  the  Wapsipini- 
con,  however,  and  it  is  not  impossible  that  we  have  here  a  local 
upwarp  which  has  brought  the  Lower  Davenport  to  the  surface. 
Somewhat  m  favor  of  the  latter  hypothesis  are  the  beds  which 
appear  farther  up  stream.  Here  an  old  quarry  (southwest 
quarter  of  the  northwest  quarter  of  section  8,  township  93,  range 
XIV  W.),  now  so  filled  as  to  show  no  clear  face,  gives  indication 
of  a  soft  buff  magnesian  limestone  or  dolomite,  and  this  appears 
clearly  in  an  old  lime  kiln  in  the  quarry  in  the  northwest  quar- 
ter of  the  northwest  quarter  of  the  same  section.  The  numerous 
casts  of  fossils  found  here  indicate  according  to  Calvin  a  hor- 
izon just  a  little  above  the  quarry  beds  at  Independence.  As 
these  are  near  the  base  of  the  Cedar  Valley  stage,  it  is  not  diffi- 
cult to  believe  that  the  Wapsipinicon  may  outcrop  a  few  rods 
further  south.  The  fossils  of  the  dolomite  are  Atrypa  reticu- 
laris, (very  numerous),  Athyris  vittata,  and  a  species  of  Para- 
cyclas.  The  following  analysis  is  of  the  rock  quarried  for  lime 
in  section  8  of  Polk  township. 

SiOa   3  28 

Fej  O, 1.61 

Ala  Oa 51 

CaCOa 55  23 

MKCOa 39  03 

Hj  O  combined 23 

Hj  O  hygroscopic .^.. 16 

100.05 
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SECTIONS  OP  THE  OEDAB  VALLEY  STAGE  ABOUT  FREDERIKA. 

East  of  the  western  tier  of  townships  crossed  by  the  Cedar 
river,  the  rock  formations  of  Bremer  county  are  everywhere 
buried  deep  beneath  the  drift  excepting  in  the  vicinity  of  Fred- 
erika.  In  and  about  the  town  are  a  number  of  outcrops  of  the 
Devonian,  and  little  more  than  four  miles  to  the  south  occurs  the 
anomalous  outcrop  of  the  Niagara  already  described  (page  343). 
The  most  important  of  the  quarries  about  Frederika  is  the  fol- 
lowing: 

No,  6.     Section  of  Quarry  of  James  Brodie,  Frederika. 

This  quarry  on  the  bank  of  the  Cedar  river  has  a  face  of 
eighteen  feet,  the  floor  of  the  quarry  standing  three  feet  above 
water  in  the  mill  pond.  The  stripping  of  drift  is  very  slight. 
The  upper  surface  of  the  rock  is  fairly  even  although  here  and 


Fiar  41— Brodie's  Quarry.  Frederika. 

there  occur  drift  lined  and  geest  filled  pockets  a  foot  or  more 
in  depth.  Tha  geest  resting  on  the*  rock  is  from  one  to  four 
inches  thick  and  contains  numbers  of  poorly  preserved  siliceous 
fossils,  Acervularia  profunda  being  the  most  important  as  it 
denotes  a  definite  horizon. 
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FBBT. 

3.  Limestone,  yellow,  shattered  by  the  weather  to  coarse  rhombic 
chipstoDe 9 

2.  Limestone,  hard,  yellow,  maj^nesian.  in  heavy  courses  up  to 
three  feet  thick,  not  laminated;  bedding  planes  quite  even  and 
reg^ular;  geodes  up  to  six  and  eight  inches  in  diameter  not 
uncommon 6 

1.  Limestone,  blnish  weathering  to  buff;  hard,  ringing,  sub-con- 
choidal  fracture,  in  two  layers,  the  lower  being  one  foot  and 
the  upper  two  feet  thick.  Sparingly  fossiliferous  with  Gypi- 
dula  comis  and  other  species 3 

The  rocks  of  the  quarry  have  a  slight  but  perceptible  dip  to 
the  south.  Master  joints  run  nortli  8  degrees  east.  The  rock 
is  strongly  magnesian  carrying  more  than  25  per  cent  of  mag- 
nesium carbotiate. 

Several  small  quarries  have  been  opened  near  Frederika,  as 
in  the  northwest  (|uartrr  of  the  northeast  (juarter  of  section  13, 
township  93,  range  XITI  W. ;  in  the  southwest  quarter  of  the 
northwest  quarter  and  in  the  southeast  quarter  of  the  south- 
west quarter  of  section  18,  township  93,  range  XT!  AV.,  but  their 
pits  are  now  generally  so  filled  as  to  make  it  difficult  to  get 
good  sections. 

The  last  two  sections  mentioned  are  situated  on  the  estate 
of  C.  L.  Rima.  At  the  first  named  of  these  two  are  exposed 
six  feet  of  a  hard,  fine  grained  rock  whose  layers  run  to  six 
inches  in  thickness  and  are  marked  by  some  chert  and  varicol- 
ored flint  concretions  arranged  linearly.  These  layers  and  the 
rock  exposed  in  the  road  near  by  carry  a  gregarious  Chonetes  of 
an  undescribed  S})ecies",  Prorhirtella  siih(data,  and  Favosites. 
The  second  of  the  two  nnmod  (|uarries  has  been  abandoned,  and 
now  but  six  feet  are  exposed  of  a  buff  limestone  in  six  inch 
layers  carrying  Atrypa  reticularis  to  the  exclusion,  so  far  as 
observed,  of  other  species. 

Qeest. 

For  countless  ages  after  the  Devonian  seas  retired  from  our 
area  a  land  surface  was  exposed  to  the  disintegrating  and  dis- 
solving action  of  the  weather.  The  rock  surface  was  thus  every- 
where roughened.  AVherever  roots  pried  apart  the  blocks  of 
limestone,  or  wiiere  by  any  cause  a  way  was  made  for  the  down- 
ward passage  of  water,  there  ground  water,  charged  with  car- 
bon dioxide  and  the  humus  acids,  dissolved  the  solid  rock  and 
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opened  pipes  and  chimneys,  pits  and  cavities  of  various  shapes 
and  dimensions.  Weathering  also  produced  a  residual  clay, 
called  geest,  which  can  be  referred  to  no  specific  geological 
age,  although  doubtless  largely  Tertiarj'-,  so  far  as  it  is  not 
interglacial. 

Slight  though  it  may  be,  there  is  in  all  limestone  an  insol- 
uble residue  of  fine  quartzose,  argillaceous  and  ferruginous 
matter.  When  the  carbonates  of  lime  and  of  magnesia  are  dis- 
solved and  carried  away  to  the  sea  something  of  these  insoluble 
ingredients  of  the  limestone  remains  as  fine  unctous  gritless 
clay.  The  iron  compounds  of  the  decaying  rock  are  at  the  same 
time  oxidized,  and  when  concentrated  in  the  residue  of  clay, 
give  to  it  its  deep  shade  of  red  or  brown.  In  places  these  prod- 
ucts of  preglacial  and  interglacial  rock  decay  have  wholly  been 
removed  by  glacial  scour,  but  for  the  most  part  the  rock  sur- 
face and  the  geest  upon  it  seem  to  remain  much  as  they  were 
at  the  beginning  of  the  last  ice  invasion.  NichoPs  quarry  and 
the  various  railway  cuts  about  Waverly  offer  excellent  examples 
of  this  ancient  formation. 

THE  PLEISTOCENE  STSTEM. 

PRE-KANSAN  STAGE. 

The  .ground  moraine  of  the  Jerseyan,  or  pre-Kansan,  the 
earliest  of  the  great  ice  sheets  which  invaded  Towa  in  Pleistocene 
times,  is  buried  out  of  sight  in  Bremer  county  by  later  glacial 
deposits.  Tn  counties  of  southern  Towa  where  it  is  exposed  by 
erosion  and  its  physical  characteristics  have  been  noted  it  has 
been  described  as  a  dark  blue  or  almost  black  stony  clay,  or 
til],  fine-grained  and  friable,  not  jointed  to  any  marked  degree 
and  rich  in  pebbles  of  granite.  These  physical  characteristics, 
due  to  the  lithological  materials  which  compose  the  till  and 
their  relative  proportions,  obviously  depend  on  the  abrasion  of 
the  rocks  over  which  the  ice  sheet  passed.  This  is  especially 
true  of  the  ground  moraine  of  the  earliest  ice  sheet,  an  ice  sheet 
which  everywhere  moved  over  the  country  rock  and  not  over 
the  ground  moraines  of   previous  ice   sheets.     The   Jerseyan 
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drift  may  be  expected  therefore  to  diflfer  widely  in  regions  so 
far  apart  as  southwestern  and  northeastern  Iowa  where  the 
country  rocks  of  the  one  are  of  the  Cretaceous  and  Coal  Meas- 
ures and  of  the  other  the  systems  of  the  earlier  Paleozoic. 

In  well  drillings  and  well  records  the  Jerseyan  can  hardly 
be  told  from  the  unweathered  Kansan  till,  which  normally  suc- 
ceeds it,  unless  they  are  separated  by  the  silts,  soils,  or  vegetal 
deposits  of  the  intervening  interglacial  epoch,  the  Af  tonian.  A 
few  miles  east  of  our  area,  in  a  cut  of  the  Chicago  Great  West- 
ern Railway  near  Oelweiu,  the  Jerseyan,  ten  feet  thick,  is  over- 
lain by  such  an  old  soil  and  peat  bed  four  feet  thick  with  its 
ancient  moss  perfectly  preserved. 

The  few  well  sections  where  the  Aftonian  and  Jerseyan  seem 
to  be  indicated  are  the  following: 

Well  of  C.  F.  Schwem,  Frederika  township,  (northwest  quar- 
ter of  the  northwest  quarter  of  section  32,  township  93,  range 
XII  W.). 

THICKNESS  IN  FEET.  DEPTH  IN  FEET. 

Yellow  till 10  10 

Blue  till,  Kansan 24  34 

Sand,  Aftonian? 16  50 

B  ue  till,  Jerseyan? 10  60 

Rock 27  87 

Well  of  C.  E.  Falcher,  Leroy  township,  (northwest  quarter  of 
the  northeast  quarter  of  section  22,  township  93,  range  XII  W.). 

THICKNESS   I^    FEHT.  DEPTH   IN   PERT. 

Yellowtill 12  12 

Blue  till.  Kansan 63  75 

Old  soil,  ill  smelling,  Aftonian? 20  95 

Blue  till,  Jerseyan? 41  136 

Rock 10  146 

Well  of  Aug.  Schmidt,  Leroy  township,  (northeast  quarter 
of  the  northwest  quarter  of  section  18,  township  93,  range  XI 
W.). 

THIOKNBBB  IN  FBBT      DEPTH  IN  FEET. 

Driftclays 135  135 

Quicksand .  Aftonian  ?  60  195 

Blue  till.  Jerseyan? 25  220 

Shale.  Maquoketa     2  222 
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Well  of  M.  Farrington,  Jefferson  township,  (northeast  quarter 
of  the  southeast  quarter  of  section  35,  township  91,  range  XTTT 
W.). 

THICKNESS  IN  FBBT.    DBPTH  IN  FBBT. 

Yellow  till  and  s^ravel,  Kansan  and  Aftonian? 30  30 

Sand  at 30 

Blue  till,  Jerseyan?  to 110 

Rock 12  22 

Well  of  Fred  Schnoeder,  Tripoli. 

THICKNESS  IN  FEET.    DEPTH  IN  FBBT. 

Yellow  till 8  8 

Blue  till  62  70 

Sand  and  gravel,  Aftonian? 2  72 

Blue  till,  Jerseyan?         6  78 

Gravel 1  79 

Rock 1  80 

Prom  the  very  few  wells  in  which  sand  and  gravel  or  old  soils 
have  been  found  intercalated  with  glacial  clays,  we  may  infer 
that  the  Aftonian  formation  is  very  scantily  represented  in  the 
county.  Even  in  several  of  these  wells  just  listed  the  sands 
may  be  local  accumulations  of  stratified  Kansan  drift. 

Nearly  all  the  wells  of  the  county  are  reported  to  have  found 
continuous  till  from  the  surface  of  the  ground  to  rock  or  to  the 
thin  sands  and  gravels  often  found  resting  directly  upon  rock, 
and  the  only  division  in  the  till  noted  by  the  drillers,  that  of 
color,  may  be  referred  to  the  weathering  to  yellow  of  the  blue 
till  of  the  Kansan. 

KANSAN  STAGE. 
KANSAN  DRIFT. 

The  Kansan  drift  extends  over  nearly  the  whole  of  Bremer 
county.  Even  on  the  areas  mapped  as  belonging  to  the  later 
drift  sheet,  the  lowan,  the  Kansan  is  to  be  found  a  short  distance 
beneath  the  surface  and  is  exposed  in  road  and  railway  cuts 
and  other  excavations  and  along  the  banks  of  eroding  streams. 
In  the  areas  referred  on  the  map  to  the  Kansan,  it  is  more 
deeply  buried  and  for  the  most  part  is  concealed  by  loess. 

In  its  normal  unweathered  aspect  the  Kansan  till  is  a  dense 
stony  clay,  jointed,  and  in  color  bluish  drab.  It  effervesces 
freely  in  acid  because  of  the  considerable  amount  of  limestone 
meal  and  flour  which  it  contains,  ground  from  the  calcareous 
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rocks  which  it  has  overridden.  But  so  deeply  has  it  weathered 
since  the  remote  epoch  of  its  deposition  as  the  ground  moraine 
of  a  continental  glacier  that  one  rarely  finds  an  exposure  deep 
enough  to  bring  to  liglit  its  normal  unweathered  aspect.  The 
common  exposures  of  Kansan  till  in  Bremer  county  are  of 
thoroughly  weathered  till.  Percolating  water  has  taken  into 
solution  the  lime  carbonate  and  the  magnesium  carbonate  and 
carried  tliem  down  to  gather  not  infrequently  in  small  hollow 
lime  balls.  The  roots  of  plants  and  trees  have  also  consumed 
these  carbonates  so  that  the  Kansan  till,  for  a  number  of  feet 
from  the  surface,  has  been  well  leached  of  all  easily  soluble 
ingredients.  Frost  and  the  processes  of  chemical  wetithering 
have  so  altered  the  texture  of  the  till  that  it  readily  crumbles 
on  the  surface  to  small  i)articles.  Still  more  conspicuous  and 
deeper  are  the  changes  wrought  by  the  alteration  of  the  iron 
compounds  of  the  drift.  To  a  depth  usually  greater  than  the 
section  opens  for  observation  the  stony  clay  has  been  changed  in 
color  by  the  oxidation  of  its  iron  compounds.  From  bright 
yellow  or  even  a  reddish  brown  at  the  surface  it  changes  to 
piil^»r  shades  until  it  i)asses  into  gray  and  bluish  irray  as  the 
unweathered  deeper  portion  of  the  till  is  reached.  In  the 
weathered  zone  pebbles  of  the  less  resistant  rocks,  such  as  the 
coarser  granites,  are  often  thoroughly  rotten.  The  upper  limit 
of  the  till  is  often  marked  by  a  washed  surface  on  which  peb- 
bles are  specially  abundant,  and  perhaps  correlated  with  this 
is  the  red  loam,  a  reddish  clay  lying  directly  in  places  on  the 
Kansan  drift  beneath  the  loess,  from  which  it  is  distinguished 
not  only  by  its  color  but  also  l>y  its  more  clayey  nature. 

Sections  of  Kansan  Drift, 

Section  in  cut  of  Chicago  Great  Western  Raihvay,  tu'o-third.<i 
of  a  mile  west  of  Denver  Junction. 

FEET. 

4.     Humus  graduating  into  No.  3 2 

3.     Yellow,  saady  clay 1 

2.  Till,  yellow,  pronounced  line  of  pebble  accumulation  on  upper 
surface,  many  of  the  pebbles  being  decayed,  no  ferretto,  or 
zone  of  ferruginous  accumulation,  on  upper  surface;  pebbles 
of  till  mostly  fresh,  but  many  rotted  pebbles  of  granite;  peb- 
bles four  inches  and  upwards  not  rare,  with  some  cobbles  and 
bowlders  up  to  three  feet  in  diameter.  Till  non-calcareous  to 
four  feet  from  its  vpper  surface,  graduating  into    No    1  8 
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FBBT. 

1.  Till,  blue,  dense  and  tough,  breaking  into  flakes   of   one   inch 

or  less,  with  many  small  pebbles 3 

Section  by  road  at  pahoid  hill,  southwest  of  Waverly. 
(Southeast  quarter  of  the  southwest  quarter  of  section  17, 
township  91,  range  XIII  W.) 

FBBT. 

3.  Loess,  typical  floury,  yellow,  with  miniate  ramifying  calcareous 
tubules 7 

2.  Red  loam,  laminated,  loessial  in   texture,    with   an  occasional 

small  pebble  and  rare  small  lime  concretion U 

1.  Till,  bluish  gray  mottled  with  reddish,  predominantly  clayey, 
pebbles  small,  greenstones  abundant,  chert  and  limestones 
few,  many  calcareous  concretions  an  inch  or  less  in  diameter, 
round  and  hollow,  most  numerous  about  eight  inches  from 
the  surface  but  occur  to  base 3 

Topography  of  the  Kansan  Drift, 

The  Kansan  drift  sheet  makes  its  presence  felt  everywliere 
in  the  county  as  an  important  or  decisive  factor  in  the  topo- 
grapliy.  In  places  it  is  more  or  less  masked  by  the  lowan  drift 
and  by  the  loess,  but  perhaps  in  no  instance  can  the  relief  of 
this  heavy  drift  sheet  be  neglected  in  accounting  for  the  topo- 
graphy of  the  present.  We  may  recall  here  the  fact  that  where 
the  later  drift  sheets  are  wanting  as  in  southeastern  Iowa  the 
Kansan  surface  presents  several  distinct  topographic  types.  To 
mention  one  of  the  most  important,  the  divides  are  tabular  areas 
of  considerable  breadth,  and  of  a  remarkable  flatness  as  though 
leveled  in  a  body  of  static  water.  Such  are  the  level  prairies 
which  form  the  divides  between  the  Des  Moines,  the  Skunk  and 
the  Iowa  rivers,  from  Jasi)er,  Poweshiek  and  Iowa  counties 
southeast  to  the  border  of  the  Illinoian  drift  near  the  Mississippi 
river,  to  cite  examples  as  near  as  possible  to  Bremer  county. 
When  the  lowan  ice  invaded  northeast  Iowa,  these  divides,  we 
may  infer,  were  somewhat  broader  and  less  worn  than  now. 
Nor  have  we  any  reason  to  believe  that  at  this  remote  time  the 
erosion  cycle  was  more  advanced  in  northeastern  Iowa  than  in  the 
southeastern  portion  of  the  state.  Indeed,  if  the  drainage  of  the 
long  interglacial  epochs  which  followed  the  retreat  of  the  Kansan 
ice  pursued  in  a  general  way  the  courses  of  our  present  rivers, 
the  northern  area  about  the  headwaters  of  the  trunk  streams 
should  have  been  considerably  less  dissected  than  were  the  Areas 
adjacent  to  the  baselevels  of  their  graded  lower  courses.  We  may 


366  GEOLOGY  OF  BREMER  COUNTY. 

infer  that  at  the  epoch  of  the  lowan  ice  the  divides  of  Bremer 
county,  left  by  the  long  erosion  which  intervened  between  the 
Kansan  and  the  lowan  epochs,  were  broader  and  less  scored 
than  those  of  southeastern  Iowa  are  today.  Whether  the  Kan- 
san drift  in  northeastern  Iowa  was  deposited  with  the  monot- 
onously level  surface  which  still  is  left  over  much  of  southern 
Iowa  is  another  question  and  one  difficult  to  answer,  since  the 
northern  Kansan  is  blanketed  with  heavy  loess  or  veneered 
by  the  lowan  drift.  Certainly  there  is  no  evidence  that  the 
Kansan  of  our  county  ever  exhibited  the  marked  reliefs  of  the 
hummocky  moraines  of  the  Wisconsin  drift.  But  any  fainter 
inequalities  of  surface  which  may  once  have  marked  it  could 
not  be  expected  to  afford  any  evidence  of  their  exist ence  when 
covered  by  the  deposits  from  a  later,  overriding  ice  sheet.  We 
are  at  liberty,  then,  to  believe  that  before  the  lowan  ice  inva- 
sion, belts  of  upland  little  scored  by  running  water  and  of  very 
faint  relief  occupied  the  wide  interstream  areas  between  the 
ri  vers  of  our  county.  Such  areas  when  covered  with  the  veneer 
of  the  lowan  drift  result  in  the  gently  undulating  plains  of 
Douglas,  Warren,  Fremont,  Maxfield  and  Sumner  townships. 
These  plains  are  interpreted  as  due  to  the  even  surface  of  the 
underlying  Kansan  drift  and  not  to  the  leveling  effect  of  the 
lowan  drift  in  filling  any  considerable  inequalities  in  the  pre- 
lowan  surface. 

A'  second  type  is  that  of  the  well  dissected  Kansan  drift  cov- 
ered and  partly  masked  by  lowan  drift.  The  narrow  inter- 
stream area  between  the  Cedar  and  the  Shell  Rock  rivers  seems 
to  have  attained  topographic  maturity  before  the  lowan  ice 
invasion.  This  narrow  upland  skirts  the  broad  flood  plain  on 
the  west  with  a  sinuous  line  of  projecting  hills  and  deep  and 
broad  reentrants.  West  of  Plainfield  the  hills  rise  sixty  feet 
and  more  above  the  flood  plain;  west  of  Waverly  they  appear 
still  higher.  The  wide,  flat-floored  and  aggraded  valleys  which 
penetrate  this  upland  tell  of  long  continued  subaerial  erosion 
made  effective  by  nearness  to  the  main  erosion  levels  of  the 
two  trunk  streams  and  they  and  the  undulating  crest  lines,  to- 
gether with  the  occasional  bowlders  seen  even  on  the  hill  tops, 
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show  that  here  a  well  dissected  Kansan  upland  has  been  over- 
ridden by  a  later  ice  sheet,  its  valleys  partially  filled  and  its 
summits  heaped  with  drift. 

Polk  township  has  been  similarly  trenched  by  ravines  trib- 
utary to  the  Cedar  and  to  the  three  creeks  which  empty  into  it 
from  the  east.  Prederika  and  Leroy  townships  have  been  large- 
ly reduced  to  rolling  hills  by  storm  waters  seeking  the  Wapsi- 
pinicon,  the  East  Wapsipinicon  and  Leroy  creek,  and  narrow 
belts  of  well  dissected  upland  border  all  the  principal  valleys.  In 
these  areas  long  and  gentle  slopes  lead  down  from  the  upland; 
the  subordinate  water  ways  are  all  well  opened,  but  show  no 
recent  trenching.  Towan  bowlders  and  lowan  drift  lie  on  these 
hillsides  and  even  follow  out  upon  the  wide  ancient  flood  plains 
of  the  Wapsipinicon  and  Cedar.  Evidently  the  erosion  of  the 
ramifying  valleys  with  which  the  upland  is  thus  dissected  near 
the  major  streams  is  older  than  the  lowan  ice  invasion  by  which 
they  have  been  partly  filled  with  drift.  The  immediate  stream- 
ways  have  been  aggraded  notably  by  outwash.  About  the 
heads  of  the  ravines  there  is  a  perceptible  departure  from  the 
normal  type  as  if  the  valley  heads  had  been  somewhat  filled 
subsequent  to  their  carving.  The  crests  of  the  rolling  Kansan- 
lowan  hills  are  uneven  and  the  sky  line  undulating. 

Another  topographic  type  is  that  of  the  deeply  dissected  and 
loess  covered  Kansan.  This  common  and  oft  described  type 
occurs  in  long  parallel  belts  of  hilly  upland  scores  of  miles  in 
length  in  the  counties  lying  to  the  south  and  east,  but  in  Bremer 
it  occurs  in  but  two  isolated  areas,  one  on  the  left  bank  of  the 
Cedar  at  Waverly  and  one  in  northeastern  Jackson  township 
extending  thence  to  Denver.  The  latter  area  of  six  or  seven 
square  miles  we  will  first  describe  under  the  name  of  the 

Denver  Loess-Kansan  Area, — This  region  touches  the  Cedar 
at  the  sharp  bend  where  it  turns  from  its  normal  course  to  join 
the  Shell  Rock  and  continuing  the  general  trend  of  the  river 
is  bounded  on  the  south  by  Quarter  Section  run  in  its  anomalous 
course  already  mentioned.  On  the  east  it  extends  to  Denver 
and  on  the  northeast  its  limits  are  indicated  by  the  diagonal 
Denver- Waverly  road  which  skirts  the  bases   of  its   hills.    In 
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contrast  with  the  surrounding  prairie  this  region  is  heavily- 
wooded  with  hardwood  trees,  among  which  the  white  oak,  the 
sugar  maple  and  the  hickory  are  most  noticeable.  It  has  long 
been  known  as  the  Big  Woods. 

Any  of  the  roads  leading  through  the  Big  Woods  crosses  a 
succession  of  deep,  steep-sided  valleys  parted  by  narrow  ridges 
with  gently  undulating  crests  which  rise  to  about  one  common 
level.  Steep,  high  and  detached  as  seems  the  Briden  hill,  for 
example,  (southeast  quarter  of  section  28,  township  91,  range 
XIII  W.)  one  standing  on  the  summit  sees  the  even  crests  of 
the  hills  to  the  east  rise  to  an  accordant  level  giving  an  even 
sky-line.  A  gigantic  ruler  laid  across  the  area  would  touch  the 
tops  of  practically  all  the  major  ridges  with  the  exception  of 
certain  high  hills  at  the  extreme  west.  If  the  initial  surface 
could  be  restored  by  filling  the  valleys  with  the  material  which 
has  been  washed  out  of  them  by  running  water,  there  would 
appear  a  nearly  level  upland  plain. 

The  valleys  which  dissect  the  upland  naturally  differ  in  depth. 
The  main  streams  have  cut  their  channels  to  a  depth  of  seventy- 
five  feet  and  more  below  the  upland  level.  Their  short  laterals 
draining  southwest  into  Quarter  Section  run  are  somewhat 
less  deep  and  the  youngest  and  outmost  twigs  of  this  arbores- 
cent drainage  system,  the  little  gullies  which  trench  the  steep 
sides  of  the  ravines,  head  on  the  siunmits  of  the  divides. 

Everywhere  the  area  is  heavily  blanketed  with  loess.  Just 
outside  the  area  streams  and  roads  give  sections  of  Kansan  till 
and  rock,  but  within  it  the  yellow  roads  everywhere  climb  the 
hills  without  disclosing  the  customary  red  ferretto  of  the  under- 
lying Kansan ;  the  stream  ways  which  begin  within  the  area  are 
clean  of  pebbles  either  of  the  country  rock  or  of  northern  drift, 
and  where  they  sap  the  valley  sides  show  fresh  scarps  cut  in 
loess  to  the  water's  edge. 

To  the  west  the  upland  narrows  and  culminates  in  a  high 
ridge  known  in  the  neighborhood  as  Booth's  hill,  (northwest 
quarter  of  section  20,  township  91,  range  XIII  W.).  The  broad 
rounded  summit  rises  by  barometer  125  feet  above  the  creek  at 
its  base  and  is  distinctly  higher  than  the  upland  to  the  east. 
The  trend  of  the  ridge  is  west-northwest  by  east-southeast,  and 


TOPOGRAPHY  OF  THE  KANSAN  DRIFT.  869 

is  continued  to  the  northwest  by  high  short  axised  ridges  set 
en  echelon  and  parted  by  high  cols.  The  Cedar  river  cleaves 
its  way  into  the  midst  of  these  hills  in  a  deep  valley  whose  lower 
slopes  are  cut  in  rock.  A  narrow  ridge  of  the  same  west- 
northwest  trend  is  thus  left  on  the  right  bank  of  the  river. 
Instead  of  continuing  on  the  comparatively  low  ground  of  the 
lowan  plain,  the  Cedar  here  goes  half  a  mile  out  of  its  way  to 
plunge  into  the  loess-Kansan  upland.  The  depth  of  the  loess 
on  the  upland  has  not  been  sounded  since  the  well  drillers  nat- 
urally have  not  discriminated  the  yellow  loess  from  the  yellow 
weathered  Kansan  which  underlies  it.  Judging  from  other 
areas  of  like  nature  in  northeastern  Iowa,  the  thickness  of  the 
loess  here  may  well  reach  forty  or  fifty  feet. 

Th';  view  from  Booth's  hill  is  singularly  impressi/e.  None 
in  the  county  is  bounded  by  horizons  more  remote,  and  none 
is  filled  with  objects  of  greater  beauty,  or  of  greater  interest  to 
the  geologist.  To  the  south  the  eye  ranges  far  over  the  Towan 
upland  plain  to  discover  on  the  horizon  some  of  the  higher 
towers  of  the  Iowa  State  Normal  School  at  Cedar  Falls,  about 
twelve  miles  distant.  To  the  southwest,  beyond  a  few  wooded 
hills,  lies  the  low  lowan  plain  from  which  rise  the  white  church 
spires  of  Janesville.  To  the  west,  beyond  the  maze  of  high 
wooded  hills  of  the  immediate  foreground,  the  eye  catches  glimp- 
ses of  the  dissected  lowan  upland  which  forms  the  divide  be- 
tween the  Cedar  and  Shell  Rock.  Looking  northwest  the  vision 
is  bounded  by  the  great  Waverly  hills  lifting  their  long  sweep- 
ing curves  against  the  sky.  The  middle  distance  is  here  filled 
with  the  lowan  plain,  much  dissected  because  of  the  older  unef- 
faced  Kansan  erosion,  and  also  broken  by  detached  boat-shaped 
hills  called  paha,  too  low  to  intercept  the  distant  view.  To  the 
north  and  northeast  the  eye  looks  down  the  grassy  slopes  of  tlie 
bold  hill  to  a  tiny  pahoid  ridge  which  lies  at  the  base  and  rises 
upon  its  flank,  ranges  across  an  upland  of  Kansan  facies  strewn 
with  bowlders  left  by  the  lowan  ice  and  gashed  with  numerous 
sharp  valleys,  but  surrounded  by  pahoid  hills  and  ridges,  and 
rests  in  the  far  distance  on  the  level  horizon  line  of  the  high 
lowan  plain.  To  the  east  the  view  is  intercepted  for  the  most 
part  by  heavy  forests,  but  here  and  there  clearings  enable  iwae 
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to  catch  glimpses  of  the  even  crests  of  the  loess-Kansan  upland. 

At  the  time  of  the  settlement  of  the  county  the  dissected 
upland,  with  its  paha  hills,  lying  to  the  north  was  also  covered 
with  the  heavy  mesophytic  forest  of  the  Big  Woods  as  far  north, 
we  are  told,  as  the  south  line  of  sections  5  and  6  of  township  91, 
range  XIII  W.,  while  beyond  this  the  smooth  lowan  plain  was 
prairie  to  the  limits  of  the  county  and  far  beyond. 

The  loess-Kansan  area  at  Waverly  is  much  smaller  than  that 
west  of. Denver  and  is  almost  wholly  comprised  within  the 
extended  cor])oration  limits.  The  high  wooded  hills  of  the  First 
ward  and  those  about  that  on  whicli  the  city  reservoir  is  built 
are  included  in  this  area.  Their  billowy  crests,  with  little  or  no 
systematic  arrangement,  reach  a  height  by  barometer  of  145  feet 
above  the  Cedar  river.  The  loess  lies  thick  upon  them  and  its 
basal  sections  show  the  interstratified  yellow  sands  characteris- 
tic of  the  loess  when  bordering  the  lowan  drift.  These 
hills  rest  on  a  foundation  or  platform  of  rock  which  out- 
crops along  the  Cedar,  but  whether  the  rock  rises  to  any  greater 
height  beneath  them  than  on  the  surrounding  lowan  plain  is 
a  matter  on  which  no  data  were  secured. 

THE  BUCHANAN  GRAVELS. 

Of  those  deposits  of  stratified  and  waterlaid  drift  associated 
with  the  melting  of  the  Kansan  ice  sheet,  Calvin  has  distin- 
guished in  adjacent  counties  two  separate  phases, — an  upland 
phase  of  outwash  upon  the  interstream  areas  consisting  of  sand 
and  gravel  so  well  rotted  and  rusted  that  an  age  far  greater  than 
that  of  the  surrounding  or  overlying  lowan  drift  is  indicated, 
and  second,  a  valley  phase  of  quartzose  sand  and  gravel,  the 
valley  trains  of  the  Kansan  ice.  As  an  example  of  the  former  we 
may  cite  a  section  shown  on  a  road  cutting  north  of  Waverly, 
(southeast  quarter  of  the  southwest  quarter  of  section  14,  town- 
ship 92,  range  XIV  W.)  on  the  top  of  a  hill  about  seventy  feet 
above  the  adjacent  creek.  Underneath  a  foot  and  a  half  of  sandy 
humus  there  are  exposed  six  feet  of  reddish  brown  gravel  inter- 
mixed with  sand  and  partially  cemented.  Pebbles  are  small, 
few  reaching  the  diameter  of  an  inch,  and  the  granite  pebbles 
are  thoroughly  decayed.  Interbedded  with  the  gravels  is  a  lens 
eight  feet  long  and  two  feet  thick  of  brownish  clayey  till  con- 
taining few  pebbles. 
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A  similar  deposit  occurs  a  mile  northeast  of  Waverly,  (south- 
east quarter  of  the  northwest  quarter  of  section  36,  township 
92,  range  XIV  W.)  on  the  slope  of  a  hill.  North  of  Plainfield 
an  interesting  exposure  of  gravel  occurs  about  thirty  feet  above 
the  tracks  of  the  Illinois  Central  Railway  (northwest  quarter 
of  the  northeast  quarter  of  section  18,  township  93,  range  XIV 
W.).  Here  five  feet  of  gravel  are  exposed  in  a  road  cutting, 
the  upper  three  feet  being  the  coarser.  The  pebbles  are 
chiefly  of  Devonian  limestone  of  the  type  of  the  Lower  Daven- 
port of  the  Wapsipinicon,  or  of  the  Lithographic  beds  of  the 
Cedar  Valley  stage,  a  dense  drab  limestone,  in  part  brecciated. 
Pebbles  six  inches  in  size  are  common.  These  gravels  resem- 
ble the  Buchanan  in  that  they  are  rusted  and  the  granite  peb- 
bles thoroughly  decayed,  but  the  limestone  pebbles  are  entirely 
sound. 

The  quartzose  gravels  which  occupy  the  wide  valleys  of  the  Ce- 
dar, the  Wapsipinicon,  Crane  creek  and  other  streams  are  un- 
doubtedly the  extensions  of  the  valley  trains  which  Calvin  in 
other  counties  crossed  by  these  rivers  has  referred  to  the  melt- 
ing of  the  Kansan  ice. 

lOWAN  STAGE. 
lOWAN  DRIFT 

The  wooded  loess-covered  Kansan  areas  which  we  have  just 
descril)ed  are  surrounded  like  islands  by  the  wide  prairie  of  the 
lowan  drift  sheet  which  covers  all  the  remainder  of  the  county^ 
excepting  the  flood  plains  of  the  river  valleys,  and  stretches  far 
beyond  the  limits  of  the  county  in  all  directions.  The  lowan 
drift  is  very  thin,  forming  as  a  rule  scarcely  more  than  a  veneer. 
Three  types  of  the  unstratified  drift  may  be  discriminated, — a 
prevailingly  sandy,  brownish  till  with  abundant  pebbles  whose 
loose  texture  has  allowed  it  to  become  well  oxidized  and  leached, 
second,  a  light  yellow,  clayey  till  unleached  of  lime  to  within  the 
grass  roots,  and  third,  large  bowlders  superficial  and  in  places 
apparently  the  only  deposit  of  the  ice. 

An  instance  of  the  rather  rarely  recognized  second  type  of 
lowan  drift  was  seen  in  a  cut  of  the  Chicago  Great  Western 
Railway  east  of  Waverly  (southeast  quarter  of  the  southwest 
quarter  of  section  8,  township  91,  range  Xm  W.). 
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FBBT. 

3.     Humus  graduating  into   yellow  sandy  clay  with  rare  pebbles     2 
2.     Till,  upper  two  feet  yellow   and   non-calcareous,    lower  three 
feet  gray   and   calcareous,    pebbles  fresh   and  mostly  small, 
limestones   under   an    inch   abundant,   till  massive,  neither 
jointed  nor  flaky,  not  continuous  throughout  cut,  being  seen 
chiefly  on    north   side   of  cut   and   at  top   of   the  low    hill    5 
1.     Till,    clayey,    dense,    tough,     breaking  into    small    rhombs, 
oxidized  to  base,    but   calcareous  to  the   top    where  tested, 
.     pebbles    of    limestone    not    so    numerous    as  in     No.    2, 
cobbles  of  six  inches  not  rare  and  some  bowlderets  a  foot   in 
diameter,  pebbles  generally  fresh  but   some  of  gray  granite 
rotten ,  observed 11 

Resting  on  the  surface  a  few  feet  away  lies  a  pink  granite 
bowlder  seven  feet  long  and  nearly  as  broad.  No.  1  of  this 
section  is  apparently  Kansan  whose  decalcified  upper  surface 
has  been  rubbed  off  by  the  lowan  ice.  No.  2  and  the  clay  of 
No.  3  are  referred  to  the  local  deposits  of  the  lowan. 

The  bowlders  of  the  To  wan  are  scattered  throughout  the  coun- 
ty and  no  special  and  local  aggregations  of  them  were  noted, 
such  as  bowlder  walls  or  bowlder  belts.  While  a  great  variety 
of  the  igneous  and  metamorphic  rocks  are  represented,  the  large 
majority  of  the  larger  bowlders  are  of  granite  and  gneiss.  Thus 
out  of  twenty-two  large  bowlders  from  four  to  six  feet  in  diam- 
eter in  a  wall  near  Horton,  twenty  are  granites.  In  eighty  cords 
of  bowlders  which  had  been  hauled  in  to  Janesville  from  the 
adjacent  prairie,  and  piled  near  the  mill,  it  was  easily  seen  that 
granites  and  gneisses  were  far  in  excess  of  all  other  kinds  to- 
gether, diorites  and  diabases  being  comparatively  few,  and 
schists  still  fewer.  While  the  majority  of  these  bowlders  were 
firm  and  undecayed,  yet  a  number  of  large  macrocrystalline 
granite  bowlders  were  much  disintegrated.  In  this  collection  it 
was  also  noted  that  a  number  of  the  stones  showed  faceted  and 
scored  surfaces.  Such  must  have  been  dragged  by  the  ice  as 
part  of  the  ground  moraine;  they  were  not  englacial  or  super- 
glacial  stones  deposited  on  the  melting  of  the  ice  as  part  of  an 
englacial  or  superglacial  drift. 

Very  large  bowlders  are  by  no  means  rare  in  the  county.  One 
seen  in  the  northeast  quarter  of  the  northeast  quarter  of  section 
35,  township  93,  range  XIV  W.,  measures  ten  by  twelve  by  twelve 
feet.  That  of  figure  42  has  as  its  horizontal  diameters  twelve 
and  fourteen  feet,  and  is  ten  feet  high  abfrve  ground.    A  bowlder 
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in  section  1  of  Douglas  township  northwest  of  Frederika,  quad- 
rate in  shape,  is  twenty  feet  long,  twelve  feet  wide,  and  eight 
feet  high.  A  mile  and  a  half  southeast  of  Frederika  another 
was  measured  whose  diameters  are  twenty-two  and  fifteen  feet 
and  which  is  only  four  feet  out  of  the  ground.  McGee  mentions 
the  monster  two  and  one-half  miles  north  of  Sumner  as  the 


Fiff.  42— Rounded  lowan  bowlder,  east  of  Waverly. 

largest  seen  in  Northeastern  Iowa.  At  the  time  of  his  measure- 
ment— in  1890 — its  diameters  at  the  surface  were  twenty-five 
by  forty  feet  and  its  height  above  the  surface  eleven  feet.  But 
enough  of  it  had  been  quarried  to  form  foundations  for  two  or 
three  houses  and  the  larger  portion  appeared  to  be  buried  in  the 
drift.* 

Bowlders  affect  the  lower  ground,  the  swales  and  draws,  and 
are  less  often  seen  upon  the  low  crests  of  the  gently  undulating 
plain.  Many  of  the  stones  are  well  rounded,  as  for  example 
those  of  figure  43.  This  is  tho  shape  to  which  a  homogeneous 
stone  is  dressed  by  the  long  action  of  the  weather,  but  that  this 
rounrling  has  not  occurred  since  the  melting  of  the  lowan  ice  is 
ind*'^  ^ted  by  the  fact  that  many  of  tho  bowlders  of  the  dirift  are 

*Plel8tocene  History  of  Northeastern  Iowa»  11th  Ann.. Sept.,  US.  Geoloflrical  Sunrey, 
pt.  ],  pa^e  482. 
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angular  although  of  the  same  lithological  varieties  as  those  well 
rounded.  As  a  glacier  facets  instead  of  rounds  when  it  affects 
at  all  the  erratics  which  it  carries,  we  must  suppose  either  that 
the  lowan  bowlders  were  brought  from  some  area  not  previ- 
ously overridden  by  glacier  ice,  and  that  they  are  the  product  ot 
immensely  long  preglacial  weathering  or  that  the  ijiter- 
glacial     epoch    intervening     between     the     lowan     and     the 


Fisr.  43— lowan  bowlders  set  as  a  fence,  Horton. 

previous  glacial  stage  whose  ice  sheet  overran  the  same 
gathering  ground  was  long  enough  for  bowlders  of  weathering 
to  develop  on  the  rock  surface  glaciated  by  the  earlier  ice.  The 
long  time  requisite  in  either  case  is  suggested  by  the  fact  that 
the  glaciated  rock  surfaces  of  our  northern  states  and  Canada 
are  still  comparatively  fresh,  notwithstanding  the  thousands 
of  years  which  have  elapsed  since  the  final  withdrawal  of  the 
Pleistocene  glaciers. 

The  bowlders  of  Bremer  county,  while  by  no  means  rare,  do 
not  seem  by  any  means  as  plentiful  as  those  of  the  areas  nearer 
the  eastern  margin  of  the  lowan  drift.  In  very  few  cases  are 
they  thick  enough  to  seriously  interfere  with  agriculture.  The 
views  of  figures  44  and  45  are  quite  exceptional.      In  many 
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sloughs  used  for  pasture  only,  bowlders  have  been  left  intact. 
Very  many  have  been  moved  to  the  roadside  to  make  way  for 
the  mower,  the  cost  for  limited  areas  thus  cleared  being  in  one 
case  six  dollars  per  acre. 


Pigr  44-A  swale  on  t  halo  wan  Drift. 

Throughout  the  county  one  may  see  the  uses  to  which  farmers 
have  put  these  excellent  building  stones  quarried  by  glacier 
plucking  in  northern  Minnesota  and  Wisconsin  and  transported 
and  delivered  free  of  charge  at  their  very  doors.  Although 
bowlders  are  everywhere  used  for  foundations  of  the  farm- 
houses, barns  and  granaries,  and  for  abutments  of  the  bridges  of 
the  minor  streams,  the  supply  is  still  far  from  beiag  exhausted. 

As  unequiaxed  bowlders  may  be  expected  to  take  the  position 
of  least  resistance  in  the  ice  and  like  logs  of  wood  in  a  stream 
to  be  carried  for  the  most  part  end  on  and  thus  set  down,  their 
orientation  is  an  index  of  the  line  of  motion  of  the  ice  sheet. 
The  observations  of  the  orientation  of  the  large  bowlders  of 
the  county  are  not  complete  enough  to  be  anything  more  than 
merely  suggestive,  as  that  of  but  twenty-three  was  taken.  Of 
these  eight  bore  west-east,  and  five  north-south ;  five  bore  north- 
west-southeast and  as  manv  northeast-southwest. 
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LO£8S. 

The  fine  silieo-argillaceous  silt  known  as  loess  has  already 
been  mentioned  as  blanketing  the  areas  where  the  Kansan  drift 
is  not  covered  by  a  later  drift  sheet.  It  also  occurs  upon  the 
lowan  in  cumulose  deposits  capping  the  peculiar  hills  called  paha 
as  will  be  shown  in  their  description. 


Fifir.  45— lowan  bowlders,  south  of  Tripoli. 

The  loess  presents  several  phases,  due  in  part  at  least  to 
alteration  since  its  deposit.  The  main  body  of  the  formation  is 
a  light  buff  loam,  often  mottled  or  streaked  with  gray,  where  it 
has  either  escaped  oxidation  or  has  been  deoxidized  by  the  pres- 
ence of  organic  matter  such  as  tree  roots,  which  penetrate  it 
deeply.  Vertical  cleavage  is  a  notable  characteristic.  Lime  car- 
bonate occurs  in  minute  branching  tubules,  in  concretions  some- 
times called  loess  kindchen,  and  in  small  fossil  shells,  the  latter 
being  more  numerous,  however,  in  the  ashen  loess  underneath 
Ferruginous  nodules  are  not  rare. 

The  loess  is  often  underlain,  as  in  many  places  in  the  Denver 
area,  by  a  bluish  gray  or  ashen  loess  sometimes  obscurely  lami- 
nated, more  pervious  than  the  loess  above  and  usually  more 
calcareous.     In  places  it  graduates  into  a  reddish  loess-like 
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loam,  more  clayey  than  the  loess,  intermediate  in  nature  between 
the  loess  and  the  residual  clays  of  the  geest  or  the  weathered 
clayey  and  ferruginous  surface  of  the  Kansan  till,  on  one  or 
the  other  of  which  it  rests. 

About  the  lowan  margin  the  loess  usually  passes  downward 
into  sand  by  inter-stratified  streaks  and  bands  of  sand  and 
loess.  Superficially  the  loess  weathers  into  brown,  minutely 
jointed  clay,  differing  from  the  main  body  of  loess  in  its  higher 
oxidation  and  deep3r  color,  in  dark  narrow  bands  of  ferruginous 
stain  which  traverse  it  piirallel  with  the  upper  surface,  ia 
greater  induration,  in  finer  particles  due  presumably  to  disin- 
tegration, in  complete  leaching  and  absence  of  fossils  and  in 
its  tendency  to  break  down  into  a  slope  of  small  crumbling 
fragments. 

Paha. — These  enigmatic  hills,  eminently  characteristic 
of  the  border  of  the  lowan  drift  sheet  where  it  meets 
either  the  main  nv^a  of  the  Kansan  drift  or  the  nu- 
merous Kansan  islands  found  within  the  lowan  limits, 
were  first  described  by  McGee  in  his  classic  treatise 
on  the  Pleistocene  history  of  Northeastern  Iowa.  Of 
these  lenticulai*  hills,  constituted  in  part  or  whole  of  loess  and 
trending  with  the  direction  of  the  ice  flow,  McGee  discriminated 
three  or  four  types: — '*the  elongated  swell  of  soft  and  graceful 
contour  standing  apart  on  the  plain,  or  else  connected  with  its 
fellows,  somet.mes  in  long  lines,  again  in  congeries,  and  locally 
merging  to  form  broad  loess  plateaus."* 

The  last  mentioned  type  in  which  paha  merge  in  broad  loess 
plateaus  can  hardly  be  recognized  under  the  definition,  and  it  is 
perhaps  to  the  long  belts  of  loess-Kansan  upland  often  skirted 
with  pahoid  hills  to  which  McQee  here  refers.  The  paha  of 
Bremer  county  either  stand  somewhat  apart  on  the  lowan  plain, 
or  are  much  more  frequently  connected  in  congeries,  but  in  no 
case  are  they  far  away  from  the  Kansan  margin.  The  Kansan  up- 
land of  the  Denver  area  is  fringed  with  short-axised,  low,  ellip- 
tical loess  hills  where  it  meets  the  bowlder-dotted  lowan  plain 
descending  to  it  from  the  north.  Still  more  marked  and  note- 
worthy are  the  long  strips  of  loess  which  trail  out  from  this 

'Pleistooene  History  of  Northeastern  Iowa,  nth  Ann.  Report..  U.  8*  G.  8.,  p.  I97.S 
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area  across  the  high  lowan  upland  lying  east  of  Denver.  This 
upland  rises  about  as  high  above  Quarter  Section  run  as  does 
th^  Kansan  upland  on  the  west.  A  short  distance  west  of  Den- 
ver (sections  25  and  26,  township  91,  range  XIU  W.)  lies  a 
cluster  9f  rather  short  paha  with  undulating  crests,  inosculating 
with  several  long  narrow  swells  of  loess  hardly  more  than 
twenty  feet  in  height  which  stretch  straight  away  across  the  near- 
ly level  lowan  plain,  elsewhere  destitute  of  loess,  to  the  edge  of 
the  valley  of  Crane  creek  in  section  33  of  Maxfield  township,  a 
distance  of  more  than  two  miles.  The  compass  direction  of  these 
interesting  banks  of  loess,  20  degrees  south  of  east,  is  readily 
taken  with  the  help  of  the  farmsteads  which  are  located  upon 
them. 

North  of  Waverly  a  singularly  bold  and  picturesque  group  of 
these  unique  boat-shaped  hills  rises  abruptly  from  the  lowan 
plain  in  sections  25,  26  and  36  of  township  92,  range  XIV  W. 


Fiff.  46— A  smaU  Paha,  southeast  of  Waverly. 

The  largest  lift  their  great  rounded  backs,  bare  of  forest,  to 
about  the  height  of  the  forested  hills  of  Waverly.  To  the  north- 
west they  descend  to  a  series  of  short  axised,  overlapping  paha 
whose  lateral  slopes  measure  about  seven  degrees.     Still  lower 
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and  longer  pahoid  ridges  continue  the  northwesterly  trend  nearly 
to  the  flood  plain  of  the  Cedar  river.  The  lowan  plain  sur- 
rounds this  group,  separating  it  from  the  forested  paha  which 
merge  with  the  Waverly  loess-Kansan  area  .  To  the  southeast 
of  this  area  also,  for  a  distance  of  about  three  miles,  a  num- 
ber of  more  or  less  well  defined  paha  of  decreasing  height  ex- 
tend their  straight  courses  over  the  lowan  plain  with  an  inflex- 
ible trend  of  abaut  twenty  degrees  south  of  east.  Other  paha 
ridges  lie  still  further  south  connecting  the  Waverly  paha  with 
those  north  of  the  Denver  loess-Kansan  area. 

The  intimate  structure  of  the  paha  is  not  shown  in  any  deep 
sections  in  the  county  nor  by  any  accurate  well  records.  Some  of 
the  road  sections  which  may  be  of  slight  assistance  in  elucidating 
their  structure  are  the  following: 

Section  at  northwest  enri  of  paha  about  thirty-five  feet  high 
on  west  line  of  section  7,  township  91,  range  XIII  W. 

FEET. 

4.  Loess,  typical,  yellow,  pulverulent,  with  vertical  cleavages, 
contaioing  ramifying  calcareous  tubules,  obscurely  laminated, 
lower  portion  marked  by  a  few  thin  discontinuous  seams  of 
fine  sand   11 

3.  Loess,  ashen  in  color,  sparingly  fossiliferous  with  small  mol- 
luscan  shells,  laminated,  containing  a  few  vertical  ferruginous 
concretions 3 

2.     Red  loam Yt 

1.  Geest,  red,  containing  Devonian  cherts  and  some  silicified  corals, 
with  a  few  pebbles  of  the  northern  drift,  upper  surface  ris- 
ing with  slope  of  hill,  rock  beneath  not  seen,  but  inferred 
to  be  a  few  inches  beneath ^ 

The  lamination  lineis  of  Nos.  3  and  4  and  the  surface  which 
separates  them,  are  parallel  with  the  surface  slope  of  the  hill. 
Mo.  4  grows  coarser  at  it  approaches  the  side  of  the  paha  on 
the  north.  The  rock  is  near  the  surface  in  this  area,  and  there 
may  be  a  low  rock  nucleus  to  the  hill.  Upon  this  nucleus  a 
considerable  body  of  till  may  be  molded  in  the  center  of  the 
paha,  as  our  section  was  taken  at  the  end.  At  the  southeast 
end  of  the  paha  a  reddish  sandy  till  is  seen  in  a  shallow  road 
cutting,  and  the  south  road  along  section  7  indicates  that  the 
paha  has  a  sandy  margin.  This  ridge  is  somewhat  more  than  one- 
half  mile  long,  the  long  axis  bearing  between  20  degrees  and  25 
degrees  south  of  east. 
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A  section  of  a  low  pahoid  ridge  seen  in  a  road  cutting  between 
the  southeast  and  the  southwest  quarters  of  section  6,  township 
91,  range  XIII  west,  shows  a  central  nucleus  of  till  whose  sur- 
face slopes  with  the  hill,  covered  with  reddish  sand  somewhat 
indurated,  and  a  few  feet  of  a  pale  calcareous  loess  beneath  a 
sandy  humus.  On  the  margin  the  loess  gives  place  to  the  red- 
dish sand. 

A  section  at  the  end  of  a  paha  on  the  road  separating  the 
southwest  quarter  of  the  southeast  quarter  and  the  southeast 
quarter  of  the  southwest  quarter  of  section  5,  township  91,  range 
XIII  W.,  shows  five  feet  of  yellow  loess,  with  small  loess  kind- 
chen  scattered  through  it,  overlying  ashen  loess  of  which  only 
two  feet  were  disclosed. 

As  to  the  difficult  problem  of  the  origin  of  paha  the  survey 
of  Bremer  county  adds  little  information.  The  problem  resol- 
ves itself  into  two  parts,  that  of  the  origin  of  the  neucleus  of 
till  and  of  similar  pahoid  drift  hills  and  ridges  on  which  loess 
is  absent,  and  second,  the  origin  of  the  loess  cap. 

The  elliptical  profile  of  paha,  their  occurrence  in  groups  and 
the  parallelism  of  their  major  axes  all  suggest  a  close  affinity 
with  the  lenticular  hills  of  glacial  till  called  drumlins.  These 
hills  are  extremely  abundant  on  the  later  drift,  in  parts  of  Wis- 
consin, Michigan,  New  York  and  Massachusetts,  but  have  not 
been  recognized  in  Iowa,  nor  on  the  Kansan  or  lowan  drift 
sheets,  unless  the  paha  are  a  subspecies  of  the  class, — are  drum- 
lins capped  with  loess.  The  precise  form  of  the  till 
nucleus  is  seldom  ascertainable.  The  shapes  of  some 
paha  suggest  that  several  mounds  of  drift,  which  may 
be  far  from  drumlinoidal  in  their  profiles,  are  concealed 
beneath  the  ample  sweeping  curves  of  the  loess  blanket. 
On  the  other  hand  in  Cedar  and  in  Benton  counties 
drift  hills  have  been  reported,  drumlinoid  in  axis  and  in 
some  instances  drumlinoid  in  form  and  immediately  associated 
with  paha.  The  distribution  of  paha  differs  from  that  of 
drumlins  in  other  states.  The  former  occur,  as  the  latter  are 
not  known  to  do,  in  long  belts  alternated  with  strips  of  smooth 
drift  plains.  Paha  are  connected  closely  also  with  long  parallel 
ridges  of  loess-covered  drift  of  such  dimensions  and  complexity 
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as  to  remove  them  wholly  from  the  category  of  drmnlins.  The 
diflScult  problem  of  the  ridged  drift  may,  when  solved,  be  found 
to  include  the  lesser  problem  of  the  paha.  If  these  ridges  are 
constructional  they  would  seem  to  belong  to  some  type  of  sub- 
lateral  moraines,  or  to  find  their  cause  in  the  presence  of  under- 
lying ridges  of  the  country  rock  inherited  from  preglacial  or  in- 
terglacial  times.  If  erosional  these  ridges  must  be  regarded  as 
remnants  of  an  earlier  drift  sheet  left  in  relief  by  the  erosion 
of  the  intervening  lower  plains  by  the  long  tongues  of  glacier 
ice  of  a  later  ice  invasion. 

If  the  till  nucleus  of  paha  is  drumlinoid,  it  may  hypotheti- 
cally  be  of  either  Kansan  or  lowan  drift,  and  three  possibilities 
here  present  themselves, — the  paha  cores  may  be  loess  covered 
drumlins  either  accreted  out  of  Kansan  drift  by  Kansan  ice, 
or  accreted  out  of  lowan  drift  by  lowan  ice,  or  eroded  out  of 
Kansan  drift  by  lowan  ice.  So  far  as  observed  the  drift  of 
paha  has  been  referred  to  the  Kansan.  But  it  should  be  noted 
that  the  discrimination  between  the  two  drifts  is  not  always 
easy  in  a  few  individual  exposures  and  that  the  position  of  the 
axial  drift  of  these  hills  relative  to  the  ground  water  surface 
promotes  a  comparatively  rapid  oxidation  and  leaching,  thus 
tending  to  an  approach  to  the  Kansan  facies  in  these  respects 
rather  than  to  that  of  the  lowan  till  of  low  lying  areas  where 
ground  water  stands  higher  and  its  level  fluctuates  but  little. 

If  paha  cores  are  Kansan  drumlins  as  the  appearance  of  their 
till  suggests,  they  can  hardly  be  drumlins  of  accretion;  for 
we  could  not  possibly  explain  their  restriction  to  the  margin  of 
a  later  drift  sheet.  If  they  are  drumlins  of  erosion  carved  out 
of  the  preexisting  Kansan  drift  sheet  by  the  lowan  ice,  we  have 
here  also  a  diflScultyto  meet,  for  the  implication  of  any  consider- 
able erosion  so  near  the  margin  of  the  lowan  ice  is  opposed  not 
only  by  what  is  known  of  the  behavior  of  ice  scheets,  which  de- 
posit rather  than  eroide  in  such  positions,  but  also  by  the  current 
conceptions  of  the  extremely  limited  amount  of  the  drift  depos- 
ited by  the  lowan  ice  at  any  place  either  as  ground  or  terminal 
moraine.  Certainly  a  glacier  able  to  erode  an  earlier  drift  so 
markedly  should  have  been  able  to  drag  the  eroded  material 
a  little  farther  on  and  leave  it  in  a  terminal  moraine  about  its 
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margin.  This  theory,  however,  of  paha  cores  as  remnantai 
masses  of  Kansan  drift  accounts  for  their  distribution  in  con- 
nection with  Kansan  areas  and  their  usual  accordant  height 
with  the  drift  of  Kansan  uplands  adjacent. 

The  problem  of  the  presence  of  the  loess  on  the  paha  and  its 
absence  on  the  surrounding  lowan  plain  from  which  they  rise 
is  entangled  with  the  problem  of  the  origin  of  the  loess.  Al- 
though the  loess  may  be  held  to  be  an  aqueous  deposit,  yet  paha 
can  not  be  called  eskers  of  loess  as  some  have  done,  for  the 
lenticular  paha  are  quite  unlike  the  winding  ridges  of  sand  and 
gravel  laid  by  subglacial  streams  and  known  as  eskers.  Some 
peculiar  control  must  be  posited  in  explanation  of  the  parallel- 
ism of  the  paha  axes  and  their  constant  trend  over  all  of  north- 
eastern Iowa ;  the  control  of  some  single  cause  operant  over  this 
entire  area.  No  such  cause  is  now  known  to  be  in  operation, 
but  such  a  cause  may  be  found  in  the  constant  direction  of  move- 
ment of  an  ice  sheet  covering  the  entire  area,  the  direction  with 
which  the  paha  are  aligned.  McGee  long  since  suggested  that 
during  the  last  stages  of  the  ice  which  latest  invaded  this  ter- 
ritory the  glacial  flow  was  checked  in  the  lee  of  each  prominence 
beneath,  and  a  line  of  less  rapid  movement  stretched  away. 
Along  these  lines  surface  melting  was  more  rapid  and  the  sur- 
face was  lowered  (as  in  the  lee  of  the  nunataks  of  the  Green- 
land ice  cap).  Here  the  courses  of  superglacial  streams  became 
established,  here  the  ice  was  cut  through,  and  here  in  ice-walled 
sluggish  streams  or  ice-bound  lakes  the  finer  waste  washed  from 
the  surface  of  the  stagnant  ice  was  in  part  laid  as  loess  together 
with  its  interstratified  and  basal  sands.  In  such  crevasse-like 
openings  in  the  stagnant  ice  which  covered  Bremer  county  we 
may  entertain  the  theory  that  the  paha  which  trail  away  so 
conspicuously  in  the  lee  of  the  loess-Kansan  hills  of  the  Waverly 
and  the  Denver  areas  received  their  cap  of  loess. 

The  distribution  of  the  Loess. — The  problem  of  the  paha  is 
inextricably  entangled  with  the  problem  of  the  origin  and  dis- 
tribution of  the  loess  of  the  upper  Mississippi  valley.  The  lat- 
ter problem  presents  itself  in  Bremer  county  in  an  unusually 
simple  form  and  under  special  conditions.  The  loess  of  our 
area  differs  in  its  insularity  from  that  found  in  counties  to  the 
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south  and  east.  It  is  not  spread  heavily  and  continuously  over 
long  belts  of  upland  parallel  to  the  rivers,  nor  does  it  occur  as 
a  comparatively  thin  sheet  mantling-all  the  land  as  over  southern 
Iowa.  Here  it  is  seen  only  in  the  completely  isolated  and  re- 
stricted areas  which  we  have  described.  No  theory  of  the  ori- 
gin of  the  loess  can  be  satisfactory,  therefore,  which  fails  to 
explain  the  absence  of  the  loess  over  the  larger  part  of  the 
region  as  well  as  its  presence  in  these  small  islands  far  removed 
from  any  other  deposits  of  loess  east,  west,  north  or  south. 

Except  in  distribution  the  loess  of  the  county  is  entirely  typ- 
ical. It  presents  the  same  upper  weathered  zone,  leached  of 
lime,  of  l)rowner  color  and  more  clayey  composition,  the  same 
body  of  floury,  calcareous,  yellow  silt,  the  same  interlamination 
with  streaks  of  fine  sand  increasing  in  width  and  number  toward 
the  base,  the  same  fossils  of  small  terrestrial  mollusks,  the 
same  calcarc^ous  and  ferruginous  concretions,  the  same  grada- 
tion beneath  into  cishen  loess,  into  sand  and  gravel,  or  into  red 
loam  and  geest,  the  same  gradation  in  places  outward  also  into 
peripheral  sands, — the  same  phenomena  in  all  respects  as  the 
loess  of  the  loess-Kansan  ridges  and  paha  of  east-central  Iowa. 

The  theories  of  the  loess  may  be  mentioned  here,  if  only  to 
discover  to  what  extent  each  may  be  able  to  explain  the  dis- 
tribution of  the  loess  in  this  region.  These  theories  fall  into 
two  divisions  as  to  the  processes  concerned — the  eolian  and  the 
fluvio-lacustrine,  the  former  accounting  for  the  loess  as  a  wind 
deposit,  the  latter  as  .water-laid  in  lakes  or  by  the  sluggish  cur- 
rents of  rivers.  F]ach  theory  includes  a  number  of  different 
views  as  to  the  source  of  the  material,  the  period  of  deposit 
^and  various  modifying  conditions.  Thus  the  eolian  theory 
finds  the  source  of  the  material  blown  up  to  form  the  loess : 

1.  In  the  silt  of  river  plains  either 

a— that  of  present   rivers,   the   loess  still    being  in   process  of 

formation  or 
b — that  of  the  valley  trains   and   outwash    of    glacial  streams 

during  the  closing  stages  of  an  ice  invasion. 

2.  In  sheets  of  drift  left  exposed  by  the  melting  of   glacier  ice  either 

a  —immediately  after  the  recession  of  the  ice  sheet  or 
b— during  an  interglacial  epoch  of  great  aridity. 

3.  In  superglacial  moraines  sheeting  the  margin  of  the  ice,  as  that 

of  the  Malaspina  glacier. 
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4.     In  the  loose  superficial  deposits  of  arid  western  plains,  either 

a — daring:  the  epoch  of  an  ice  sheet  and  deposited  in  part  upon 

the  ice  after  the  manner  of  the  dirt  on  the  margins  of  the  ice 

cap  of  Greenland  or 
b—in  a  period  succeeding  the  withdrawal  of  the  ice. 

The  fluvio-Iacustrine  theory  is  much  more  limited  in  period 
of  deposition  and  in  sources  of  material.  By  this  hypothesis 
the  loess  must  have  been  deposited  in  a  period  of  flooded  lakes 
and  rivers  attending  the  closing  stages  of  an  ice  invasion.  The 
material  of  the  loess  can  be  sought  for  only  in  the  finer  silt 
washed  from  glacier  drift,  including  any  superficial  dust  depos- 
its, and  laid  both  in  advance  of  the  ice  front  and  over  any  insular 
areas  within  the  margin  of  the  ice  sheet. 

The  insularity  of  the  loess  in  Bremer  county  is  an  objection  to 
any  one  of  these  theories,  as  for  example  a  and  b  of  ''1''  of 
the  eolian  theory,  which  gives  no  explanation  of  the  absence  of 
the  loess  over  the  remainder  of  the  county.  For  while  the 
loess  areas  touch  upon  one  of  the  rivers  of  the  region,  they 
touch  upon  it  at  the  most  narrow  portion  of  its  valley,  where  it 
has  no  wide  flood  plain  from  which  loess  could  be  blown  up.  And 
loess  is  wanting  precisely  where  on  this  theory  it  might  be  most 
expected,  that  is,  along  the  wide  flood  plains  of  the  Cedar  above 
Waverly  and  of  the  Wapsipinicon  throughout  the  county.  Both 
of  these  wide  valleys  were  the  channels  of  the  floods  attending 
the  melting  of  the  ice  sheets  of  the  Glacial  epoch,  and  the  Cedar, 
at  least  maintains  its  sandy  plains  of  overflow  which  should 
long  have  been  an  ideal  gathering  ground  for  loess,  if  its  origin 
were  eolian. 

If  we  are  to  assume  that  the  peculiar  distribution  of  the  loess 
is  due  to  anchorage,  the  loess  being  deposited  only  where  the 
uneven  surface  of  hilly  ground  caught  and  held  the  wind-driven 
dust,  it  is  difficult  to  imderstand  why  the  loess  was  not  depos- 
ited on  the  valleyed  uplands  east  and  west  of  the  broad  flood 
plain  of  the  Cedar  at  Horton  as  well  as  on  the  Kansan  areas  at 
Waverly  and  Denver.  Or  if  the  presence  of  forests  be  made 
the  determining  factor,  it  might  be  supposed  that  the  forests 
of  Leroy  township  between  the  wide  bottom  lands  of  t'le  Wapsi- 
pinicon and  the  East  Wapsipinicon  rivers  would  have  made  as 
good  a  catchment  area  as  any  in  the  county.    It  is  true  that 
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the  loess  areas  are  mostly  forested,  a  fact  usually  attributed  to 
the  porous  and  well  drained  loess  soil.  The  eolian  theory,  how- 
ever ingeniously  reverses  the  relation,  holding  that  the  forests 
are  the  cause  of  the  deposition  of  the  loess  by  cheeking  the  veloc- 
ity of  the  dust-laden  wind,  and  by  anchoring  the  dust  by  means 
of  its  mattress  of  roots. 

If  the  accumulation  of  such  a  forest  loess  were  rapid  it  should 
include  considerable  vegetal  carbonaceous  matter;  if  slow,  the 
loess  should  be  both  decalcified  and  deoxidized,  since  by  hypoth- 
esis it  has  formed  a  part  of  the  forest  soil  rich  in  decaying 
organic  matter  which  would  act  as  a  reducing  agent,  and  in 
humous  acids  and  carbon  dioxide  to  aid  in  the  solution  of  lime 
carbonate.  Moreover,  the  presence  of  loess  over  the  prairies  of 
southern  Iowa  shows  that  neither  forest  nor  hilly  country  is  a 
necessary  condition  to  loess  accumulation.  It  would  seem  that 
the  loess,  if  of  oolian  derivation,  should  be  as  wide  spread  over 
the  county  as  are  the  cliannelless  currents  of  the  air  which  laid 
it,  unless  it  had  some  local  source  not  yet  discovered.  The 
fluvio-lacustrine  theory  may  be  able  to  explain  the  insularity 
of  the  loess  tracts  by  affording  ice-barriered  water  bodies  for 
its  deposition  and  the  absence  of  the  loess  over  other  tracts  by 
the  presence  of  overlying  ice.  We  may  thus  suppose  that  dur- 
ing the  waning  of  the  lowan  ice  the  stagnant  glacier  which 
still  lay  over  the  remainder  of  the  county  was  removed  from 
the  Denver  area  where,  because  of  the  underlying  hills  of  rock 
and  drift  its  motion  had  been  retarded  and  its  surface  lowered. 
Here  the  glacial  Cedar  was  diverted  from  an  earlier  course  and 
mcised  a  narrow  valley  in  the  rock  basemented  hills.  Here  it 
spread  its  muddy  waters  in  the  wide  lake-like  expansion  or 
embayment,  the  sluggish  current  being  sufficient  to  carry  away 
the  finer  clays  and  not  strong  enough  to  bring  in  coarser  sands 
and  gravels,  thus  leaving  the  glacial  silt  of  intermediate  texture, 
too  coarse  for  clay  and  too  fine  for  sand,  and  known  as  loess. 
The  embayment  may  be  conceived  as  being  surrounded  by  gentle 
slopes  of  ice  rather  than  by  precipitous  ice  walls,  if  this  would 
in  any  way  help  to  explain  the  difficult  point  of  why  no  coarse 
waste  was  washed  in  from  the  surface  of  the  glacier  and  depos- 
ited with  the  loess  or  was  dropped  from  bergs. 

25 
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This  theory  of  the  loess  of  the  Denver  area  perhaps  offers 
an  explanation  of  the  anomalous  course  of  Quarter  Section  run, 
which,  as  we  have  seen,  flows  round  the  border  of  the  loess- 
Kansan  area,  diverging  at  right  angles  from  its  normal  track. 
For  the  stream  is  seen  to  follow  the  eastern  and  southern  edge 
of  the  ice  barrier,  which,  by  hypothesis,  inclosed  the  area  at  the 
time  preceding  the  final  withdrawal  of  glacial  ice  from  north- 
eastern Iowa. 

In  age,  the  loess  of  Bremer  county  is  clearly  younger  than  the 
Kansan,  whose  weathered  and  eroded  surface  it  overlies  uncon- 
formably.  The  close  association  of  its  basal  sands  with  the 
lowan  drift  points  to  the  lowan  epoch  as  the  time  of  its  forma- 
tion. The  same  conclusion  is  indicated  elsewhere  in  the  state, 
where  the  loess  is  seen  to  be  parted  from  the  lUinoin  drift  by 
old  soil  beds,  and  to  be  overridden  by  the  margin  of  the  Wis- 
consin drift  sheet,  and  is  thus  proven  to  be  younger  than  the 
first  named  drift  and  older  than  the  second,  thus  limiting  its 
period  to  the  lowan  and  the  ihterglacial  stages  following  and 
preceding  the  lowan. 

PRE-GLACIAL  TOPOGRAPHY. 

It  is  a  matter  Of  common  knowledge  that  the  underlying  rock 
surface,  which  seems  to  have  been  little  affected  by  the  glacial  in- 
vasions, does  not  correspond  with  the  relief  of  the  surface  of  the 
ground  today.  In  places  in  the  county  the  rock  basement  ap- 
pears in  ledges  on  the  hillsides;  in  others  it  is  so  deeply  bur- 
ied that  the  drill  of  the  well  driller  is  driven  two  and 
more  hundred  feet  through  drift  before  it  grinds  on  solid  rock. 
If  the  deposits  of  the  ancient  glaciers  and  their  glacial  waters 
could  be  stripped  away,  what  would  be  the  relief  of  Bremer 
county!  Thanks  to  the  records  and  the  good  memories  of  the 
well  drillers  of  the  county,  we  are  able  to  sketch  some  of  the 
outlines  of  the  preglacial  topography,  although  much  is  vague, 
iiome  perhaps  erroneous  and  many  details  are  wanting.  In  a 
broad  way  it  may  be  said  that  the  evidence  before  us  presents 
preglacial  Bremer  county  to  our  view  as  an  area  resembling 
the  northeastern  counties  of  Iowa,  such  as  Allamakee  and  Clay- 
ton, over  wliich  no  glaciers  ever  passed,  and  like  eastern  Fay- 
ette county,  where  the  glaciers  left  little  drift,— a  hilly  area 
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trench  d  deeply  with  broad  valleys  and  intricately  carved  with 
branching  gullies  and  ravines.  We  know  that  the  floors  of  the 
pregiacial  valleys  stand  at  a  lower  level  than  those  of  today. 
Not  only  have  they  been  filled  with  drift  as  one  might  fill  a 
watering  trough  with  mud  or  sand,  but  even  the  preglacial  up- 
lands between  the  streams  have  been  deeply  buried.  Nearly 
300  f  3et  above  where  a  great  river  once  flowed  the  farnjer  now 
drives  his  plow  over  gently  rolling  fields. 

Such  a  deep  buried  valley  crossed  the  county  from  northwest 
to  southeast.  It  passed  from  Douglas  township  into  Warren 
between  Quarter  Section  run  and  Baskin  run,  passed  under  the 
site  of  Bremer  station,  then  turning  eastward  followed  the  valley 
of  Quarter  Section  run  into  Jefferson  township,  and  crossing 
into  Maxfield  near  Maxfield  P.  0.  followed  down  the  west  side 
of  Crane  creek  into  Black  Hawk  county.  It  will  be  convenient 
to  designate  this  as  Bremer  river. 

On  the  high  divide  between  Crane  creek  and  Quarter  Section 
run  in  sections  17,  19  and  20  of  Maxfield  township  are  a  num- 
ber of  wells  from  240  to  273  feet  in  depth  and  all  in  drift.  The 
divide  here  has  an  altitude  of  about  1035  feet  above  tide  (taking 
the  grade  of  the  Chicago  Great  Western  Railway  one  and  a 
half  miles  north  as  datum),  giving  the  floor  of  the  buried  valley 
an  elevation  of  not  more  than  765  feet  A.  T.,  or  160  feet  below 
the  rock  bed  of  the  Cedar  river  at  Waverly.  The  channel  of 
this  ancient  stream  has  been  completely  obliterated,  leaving  no 
trace  on  the  present  surface,  unless  the  broad  valley  of  Crane 
creek  occupies  the  sag  due  in  part  to  a  settling  of  the  unusually 
thick  drift  of  this  belt. 

The  wide  valleys  of  the  Wapsipinicon  and  the  East  Wap- 
sipinicon  are  also  deep  preglacial  or  interglacial  valleys  now 
filled  with  drift,  though  not  to  the  height  of  that  which  buries 
the  valley  of  Bremer  river.  The  depth  of  the  artesians  drilled 
on  the  Wapsipinicon  bottoms  seldom  exceeds  100  feet,  but  in 
only  a  single  case  is  rock  reported  to  have  been  struck.  As  the 
elevation  of  the  Wapsipinicon  bottoms  is  about  970  feet  (where 
crossed  by  the  Chicago  Great  Western  Railway)  the  rock  floor 
of  the  ancient  valley  can  not  be  higher  than  about  870  feet. 
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The  Cedar  valley  in  its  broad  reaches  north  of  Waverly  is 
of  unknown .  depth,  drive  wells  furnishing  abundant  water  at 
a  few  feet  from  the  surface. 

Further  south,  where  the  valley  is  of  the  same  type,  it  has 
been  sounded  by  the  artesian-  borings  at  Vinton,  and  found  to 
be  filled  to  a  depth  of  115  feet,  its  rock  floor  lying  at  about  665 
feet  A.  T. 

We  add  some  details  of  the  thickness  of  the  drift  in  the  differ- 
ent townships  of  the  county. 

Sumyier  township, — The  drift  varies  here  from  nearly  200  feet 
in  the  northeastern  part,  and  136  and  150  feet  at  Sumner,  to  a 
little  over  one  hundred  feet  in  the  northwestern  sections  of  the 
township.  Little  is  known  of  the  depth  in  the  southwestern 
i^ections;  one  well  (southwest  quarter  of  section  21)  ends  in 
drift  at  138  feet. 

Franklin  township, — East  of  the  Wapsipinicon  valley  rock 
occurs  from  100  and  120  feet  from  the  surface,  as  at  Minkler,  to 
160  and  even  200  feet  in  the  southeastern  part  of  the  township. 
On  the  west  side  of  the  Wapsipinicon,  deep  wells  are  reported 
in  section  7,  where  two  wells  found  rock  at  192  and  200  feet  and 
another  is  listed  as  ending  in  drift  at  275  feet.  At  Key  the 
drift  was  not  drilled  through  by  a  well  130  feet  in  depth.  These 
three  wells  are  near  the  side  of  the  Wapsipinicon  valley,  but 
their  significance  as  related  to  any  ancient  course  of  the  river 
is  undiscovered. 

Dayton  township. — The  southeastern  township  of  the  county 
is  throughout  an  area  of  thick  drift.  On  the  east  of  the  Wapsi- 
pinicon valley  wells  ending  in  drift  are  reported  from  150  to 
180  feet  deep  and  the  only  one  listed  as  striking  rock  discovered 
it  at  190  feet.  Rock  occurs  just  east  of  the  Wapsipinicon  valley 
at  from  ninety  to  120  feet. 

Leroy  totvnship. — The  divide  between  the  Wapsipinicon  and 
the  East  Wapsipinicon  rivers  rises  a  little  more  than  100  feet 
above  the  rock  surface,  and  the  divide  between  the  latter  stream 
an  1  Loroy  cre^k  to  nearly  the  same  height.  Statements  as  to 
the  depth  of  the  filling  in  the  valley  of  the  East  Wapsipini- 
con are  conflicting,  one  being  that  in  the  valley  wells  are  from 
150  to  180  feet  deep  and  strike  no  rock.    On  the  other  hand,  two 
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wells  are  reported  on  the  bottoms  below  the  confluence  of  the 
stream  with  Leroy  creek  (sections  23  and  26)  which  find  rock 
at  eighty-five  and  ninety-five  feet.  A  well  in  the  valley  in  sec- 
tion 11  is  reported  to  be  100  feet  deep  and  ending  in  drift  or 
in  alluvium.  An  interesting  group  of  wells  is  found  in  section 
18  where  rock  is  found  at  200  and  220  feet  below  the  surface. 
We  have  evidently  here  an  old  buried  channel,  but  no  deep 
wells  in  the  vicinity  enable  us  to  trace  its  course. 

Frederika  township, — In  the  northeastern  part  of  the  town- 
ship rock  is  found  beneath  the  upland  at  a  depth  of  from  fifty 
to  eighty  feet  at  the  north  and  farther  south  at  less  than  100 
feet.  The  Wapsipinicon  valley  is  filled  to  at  least  the  depth 
of  sixty  and  seventy  feet,  as  wells  ending  in  drift  attest.  Rock 
appears  on  the  flood  plain  at  Frederika,  but  west  of  old  Tripoli 
it  has  sunk  to  sixty  and  100  feet  below  the  surface. 

Douglas  township. — The  scanty  data  at  hand  suggest  that 
two  channels  of  Bremer  river  or  the  main  valley  and  a  tribu- 
tary unite  in  the  southern  portion  of  the  township,  where  the 
buried  valley  reaches  a  depth  of  220  feet.  Less  than  two  miles 
and  a  half  away  in  the  southeastern  part  of  the  township  the 
Niagara  comes  to  the  surface,  giving  the  measure  of  the  depth  of 
the  rockcut  valley  at  more  than  200  feet  at  this  locality.  The 
slight  grounds  for  positing  two  channels  in  the  north  are  a  deep 
well  reported  as  190  feet  to  rock  on  the  east  (in  section  2)  and 
wells  on  the  west  of  the  township  (sections  6  and  9)  sounding 
rock  at  200  and  178  feet,  with  rock  at  less  depths  between  in 
in  the  center  of  the  township.  In  the  southwestern  part  of  the 
township  rock  seems  to  lie  about  150  feet  below  the  surface. 

Warren  toivnship, — In  the  southwestern  part  of  the  township 
the  drift  is  from  sixty  to  100  feet  in  depth.  Between  Quarter 
Section  run  and  Crane  creek  it  is  105  feet  deep  at  the  Bremer 
County  Poor  Farm.  But  in  the  buried  channel  (jf  Bremer  river 
the  drift  lies  at  least  236  and  240  feet  deep,  as  several  drift  wells 
of  these  depths  attest. 

Maxfield  township, — Here  Bremer  river  valley  reaches  a  depth 
of  at  least  270  feet  as  several  drift  wells  of  this  depth,  or  a  little 
more,  testify.     East  of  this  well-marked  valley  the  rock  rises. 
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reaching  to  within  eighty  feet  of  the  surface  at  Readlyn.  In 
the  southeastern  part  of  the  township  it  lies  deeper,  since  drift 
wells  are  reported  at  from  eighty  to  100  feet  in  depth. 

Polk  township. — Little  information  was  obtained  regarding 
the  thickness  of  the  drift  in  the  northwestern  township  of  th? 
county.  Rock  outcrops  in  the  northwestern  section  and  at  Hor- 
ton  it  lies  but  twenty  feet  below  the  surface.  On  the  upland 
south  of  Horton  wells  eighty  feet  deep  do  not  strike  rock,  and  in 
section  24  a  drift  well  214  feet  deep  is  reported,  probably  indi- 
cating a  tributary  valley  of  Bremer  river. 

Lafayette  toivnship. — On  the  upland  west  of  the  Cedar,  drift 
seems  to  be  about  100  feet  thick,  and  about  as  thick  on  the  u^pland 
east  of  the  river.  Bock  outcrops  at  numerous  places  along  the 
Cedar  valley. 

Washington  toivnship. — Here  the  rock  is  disposed  much  as  in 
Lafayette  township,  lying  from  seventy-five  to  100  feet  below 
the  crests  of  the  hills  west  of  the  Cedar  and  at  the  same  depth 
over  the  lowan  paha-dotted  plain  of  the  eastern  sections,  but 
outcropping  along  the  course  of  the  Cedar  river. 

Jefferson  township. — The  only  outcrops  of  rock  known  are  in 
sections  9,  21  and  28.  The  rock  surface  evidently  descends 
toward  the  east  to  the  valley  of  Bremer  river,  where  drift  wells 
214  and  220  feet  deep  are  reported.  At  Denver  a  lateral  of 
Bremer  river  seems  to  be  indicated,  for  here  rock  is  found  162 
feet  below  the  level  of  the  flood  plain  of  Quarter  Section  run, 
while  a  block  away  rock  lies  but  forty-two  feet  from  the  surface, 
indicating  a  precipitous  slope  of  120  feet  in  this  short  distance. 
In  the  southeastern  part  of  the  township  rock  is  found  at  110 
feet  (section  35).  On  the  loess-Kansan  area  west  of  Denver 
wells  are  reported  to  find  rock  at  from  sixty  to  ninety  feet. 

Jackson  toivnship. — Rock  outcrops  along  the  Cedar  river.  Be- 
tween the  Cedar  and  the  Shell  Rock  it  lies  from  forty  (section 
28)  to  100  feet  (section  22).  In  the  southeastern  sections  rock 
appears  to  be  found  from  thirty  to  eighty  feet  below  the  surface 
of  the  prairie. 
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ECONOMIC  PBODUCTS. 
Building  Stone. 

Small  quarries  capable  of  supplying  stone  suitable  for  ordin- 
ary building  purposes  are  well  distributed  along  the  Cedar  river 
from  the  northern  to  the  southern  limits  of  the  county.  East  of 
the  Cedar  valley  no  rock  outcrops  except  at  or  near  Frederika. 
All  of  the  building-stone  quarries  opened  are  in  the  Cedar  Val- 
ley stage  of  the  Devonian  limestones.  All  are  worked  without 
the  assistance  of  machinery  and  in  a  small  way  for  the  supply 
of  the  local  demands,  chiefly  for  foundations.  These  quarries 
have  been  described  in  detail  under  the  geological  sections  of 
their  formations. 

Crushed  Stone. 

The  Cedar  River  Stone  Company  has  recently  opened  an 
important  quarry  one  and  one-half  mile  southeast  of  Waverly 
on  the  Cedar  river  connecting  with  the  Chicago  Great  Western 
Railway  by  a  short  spur.  Large  contracts  are  being  filled  for 
crushed  stone  for  ballast  and  macadam  over  the  lines  of  this 
railway  and  in  the  cities  which  it  reaches.  A  view  of  the  plant 
is  given  in  figure  47.  Below  the  stripping,  which  is  easily  dis- 
posed of  by  dumping  in  the  river,  the  stone  is  unusually  tough, 
dense  and  unaffected  by  the  weather,  being  one  of  the  best  lime- 
stones in  the  state  for  the  purposes  for  which  it  is  now  used. 
There  is  an  uniform  run  of  twenty-five  feet  or  more  of  good 
rock  with  no  waste  of  soft  stone  or  disintegrated  rock  meal. 
The  following  section  is  exposed: 

FEBT. 

S.     Stripping,  limestOQe.    light  gray,    soft,   broken  by  the  weather 

into  layers  from  2  to  4  inches  thick,  fossils  rare 9 

4.  Limestone,  dense,  hard,  tongh,  yellow-gray,  lowest  layers  at>ont 
3  inches  thick,  divided  abwe  by  diagonal  joints  and  bedding 
planes  into  rhombic  blocks  1  to  4  feet  in  diameter  Occasional 
geodic  cavities  an  inch  or  so  in  diameter  lined  with  drusy  cal- 
cite;  fossiliferous  with  many  firmly  imbedded   Atrypa   reticm- 

lans,  A .  aspera  occidentalis  and   Orthis  iowensis 2S 

3.     Concealed 12 

2.     Breccia  of  Wapsipinicon  stage,  hard  and  dense 5 

I .     Concealed   to  water's  edge 3 
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Lime. 


Lime  is  now  burned  in  the  county  only  at  Brodie's  quarry, 
in  Frederika,  in  a  small  square  pot  kiln,  using  wood  as  fuel. 
The  stone  used  is  the  buff  magnesian  limestone  of  the  Cedar 
Valley  stage  of  the  Devonian,  underlying  the  Acervularia  pro- 
funda beds.  The  high  magnesian  content  of  the  stone  gives 
the  lime  its  repute  as  a  slow  slacking,  slow  setting  lime  of 
excellent  quality.     Lime  has  been  burned  in  the  past  at  a  num- 


Fisr.  47— Plant  of  the  Oedar  River  Stone  Company,  Waverly. 

ber  of  small  pot » kilns,  as  on  the  Niagara  outcrop  southeast  of 
Waverly  arid  on  the  Devonian  northeast  of  Plainfield.  The  for- 
mer site  has  a  stone,  unexcelled  in  quality,  with  little  stripping 
and  is  also  near  a  large  timber  supply,  but  its  distance  from  town 
is  such  that  it  has  not  been  able  to  meet  the  close  competition  in 
this  industry. 

Clay. 

The  loess  clay  is  utilized  at  Waverly  in  the  manufacture  of 
common  brick,  for  which  it  is  admirably  adapted.    In  1903,  the 
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two  brick  kilns  in  operation,  that  of  the  Waverly  Brick  and  Tile 
Co.  and  that  of  Henry  Cretzmeyer,  reported  an  output  of 
273,000  brick  valued  at  $2193. 

Soils. 

The  soils  of  Bremer  county  may  be  grouped  into  three  gen- 
eral classes,  drift  soils,  loess  soils  and  alluvium.  The  first 
class  named  occupies  the  areas  mapped  as  lowan  drift.  Over 
much  of  this  area  the  topography  is  indecisive  and  the  drainage 
imperfectly  developed.  A  deep  humus  rich  in  nitrogen  and 
carbon  taken  from  the  atmosphere  has  here  accumulated  in  a 
black  soil  of  unusual  fertility.  Where  the  unleached,  clayey 
lowan  till  forms  the  subsoil  this  contributes  various  mineral 
plant  foods  in  a  condition  such  as  to  make  them  readily  available. 
Where,  as  is  commonly  the  case,  the  upper  surface  of  the  drift 
is  sandy,  the  effect  is  to  produce  a  light,  warm  soil,  readily 
drained  and  easily  worked.  In  places  where  the  lowan  is  spec- 
ially sandy  either  from  glacial  outwash  or  from  the  working  over 
(  f  the  drift  by  the  winds,  there  results  a  soil  easily  affected  by 
c-rought  but  quickly  responsive  to  fertilizers  and  favorable  for 
maturing  early  crops  and  special  agricultural  products. 

Loess  makes  a  most  admirable  subsoil  and  when  well  mingled 
with  abundant  humus,  no  soil  can  yield  more  generously  or  with 
greater  endurance.  It  absorbs  like  a  sponge  any  excess  of  storm 
water  and  in  drought  gives  it  back  to  the  surface  by  capillarity. 
Thus  it  neither  drowns  out  in  wet  weather  nor  bakes  in  dry. 
Moreover,  its  mineral  ingredients,  drawn  from  an  exceedingly 
large  variety  of  rocks,  are  in  a  finely  divided  condition  in  which 
they  are  easily  taken  into  solution  and  used  by  the  plants. 
Owing  to  its  porosity,  loess  is  readily  penetrated  by  plant  roots, 
and  it  is  thus  available  to  greater  depth  than  are  most  soils. 
In  Bremer  county,  however,  the  loess  has  been  laid  upon  the 
slopes  of  the  paha  and  over  deeply  dissected  uplands.  Where 
unadvisedly  the  forests  have  been  cut  down  and  the  loess  hills 
placed  under  the  plow,  the  humus,  the  careful  savings  of  the 
virgin  forests  for  ages  past,  is  washed  away  and  wasted  in  a 
few  years,  leaving  the  yellow  hillside  scarcely  altered  from 
the  normal  color  of  the  loess  by  any  carbonaceous  admixture. 
Constant  care  is  now  needed  to  prevent  the  formation  of  gullies 
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which,  beginning  where  the  grass  has  been  destroyed  by  the 
tread  of  cattle  or  in  the  furrow  of  the  plow,  grow  in  a  few  years 
to  be  great  arroyas.  One  farmer  in  this  area  reports  that  a 
month  of  his  time  is  occupied  each  year  in  preventing  these 
natural  effects  of  rain  and  gravity  on  the  soft  loess  silt  of  his 
hillsides.  Even  when  the  loess  has  been  stripped  of  its  humus, 
it  still  responds  generously  to  fertilizers,  but  good  economy 
strongly  urges  that  the  loess-Kansan  areas  be  left  for  forests, 
for  orchards,  for  vineyards  and  for  pastures,  for  which  they  are 
best  adapted  by  nature. 

The  rivers  and  creeks  of  the  county  are  bordered  with  belts 
of  soil  derived  from  the  materials  washed  down  by  streams  and 
deposited  over  the  valley  floors  at  times  of  flood.  There  is  also 
an  extensive  creep  of  tlie  cream  of  the  soil  of  the  adjacent  hills 
forming  alluvial  slopes  which  blend  with  the  alluvial  plains  and 
whose  soil  differs  but  little  from  that  of  the  flood  plain  except 
in  the  finer  grain  of  its  material.  On  the  flood  plains  river  silts 
are  mingled  with  humus  accumulated  in  place  upon  the  level 
areas  from  the  growth  of  vegetation  and  from  that  washed  off 
the  soils  of  the  country  and  brought  in  by  muddy  floods.  Thus 
to  a  depth  of  several  feet  the  alluvial  soil  may  be  dark  with 
rich  carbonaceous  matter  and  of  corresponding  fertility.  Wliere 
the  deposit  has  been  laid  in  what  was  at  the  time  the  channel 
of  the  river,  and  by  its  rapid  currents,  the  alluvium  consists  of 
sands  and  gravels,  with  little  of  intermingled,  finer  material, 
and  it  is  far  less  fertile  than  are  the  finer  deposits  from  the 
shallow  and  sluggish  overflow  upon  the  wide  flats  of  the  river 
bottoms. 

Water  Power. 

The  diversion  of  the  rivers  by  the  Pleistocene  ice  sheets  from 
their  ancient  channels,  setting  them  to  flow  over  higher  courses 
and  rocky  beds,  gives  excellent  water  power  to  each  of  the 
rivers  of  the  county.  The  water  power  at  Waverly  was  sub- 
stantially improved  in  1905  by  raising  the  head,  by  repairs  on 
the  dam,  and  more  especially  by  the  installation  of  A  large 
cement  bulkhead,  wheel-house,  new  wheels,  and  the  excavation 
of  a  tail  race,  the  total  amount  of  these  repairs  being  about 
$22,000.     There  are  now  installed  in  the  wheel-house  two  wheels 
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(S.  Morgan  Smith  ('o.,  wicket  gate),  each  furnishing  at  the 
normal  stage  of  the  watc^r  about  170  horse  power  at  the  wheel 
shnft.  The  normal  head  of  water  is  from  eight  and  one-half 
to  nine  feet.  The  incorporated  town  of  Waverly  owns  in  fee 
simple  all  the  water  power,  having  purchased  all  outstanding 
leases  and  water  rights.  The  ])ower  is  used  in  the  operation 
of  the  municipal  water  works  and  the  municipal  electric  plant, 
both  owned  and  operated  by  the  city,  and  a  feed  and  flour  mill 
owned  by  the  city  but  leased  to  a  miller.  For  all  these  purposes 
the  power  sup})lied  by  one  wheel  alone  is  amply  sufficient.  The 
power  now  available  is  thus  greatly  in  excess  of  present  de- 
mands. It  can  be  largely  increased  in  the  future  by  the  com- 
pletion of  the  tail  race  a^id  the  iiistallation  of  additional  wheels. 

An  excellent  water  j)ower  has  also  been  developed  on  th? 
Cedar  river  at  Janesville,  where  a  large  three  story  flour  and 
feed  mill  has  lon.i?  stood.  The  equipment  of  the  mill  is  now 
five  run  of  buhr  millstones  and  one  set  of  rollers,  with  a  capacity 
of  125  barrels  in  24  hours.     Th-^  head  is  reported  as  nine  feet. 

At  Frederika,  a  dam  across  the  Wapsipinicon  river  gives  a 
head  of  seven  feet,  two  wheels  furnishing  to  the  flour  and  feed 
mill  there  about  fifty  horse  power. 

Water  Supply. 

The  rivers  of  the  county  afford  a  permanent  and  inexhaust- 
ible supply  of  stock  water  to  the  farms  adjacent  to  their  banks. 
The  creeks  are  also  utilized  in  this  way,  although  their  supply 
may  fail  in  dry  years,  especially  along  their  upper  courses. 
Everywhere  the  wind  engine  forms  a  prominent  feature  of  the 
land-cape,  thus  attesting  the  prosperity  of  the  farmers,  and 
also  the  fact  that  the  ground  water  of  the  country  has  lowered 
since  its  settlement  and  permanent  and  adetjuate  supplies  for 
stock  are  now  to  be  secured  only  by  deep  wells. 

Water  is  seldom  found  in  sufficient  quantities  beneath  the 
lowan  drift  and  above  the  Kansan.  AVells  are  driven  until 
they  come  upon  water  bearing  sand  or  gravel  either  in  or  between 
the  blue  tills  of  the  Kansan  and  Jerseyan.  Water  is  occas- 
ionally found  in  gravels  lying  on  the  rock,  but  not  infrequently 
the  drill  finds  tli?  drift  dry  throughout  and  is  compelled  to  pass 
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into  the  country  rock.  Where  this  is  limestone,  water  is 
commonly  found  in  the  zone  of  broken  rock  within  a  few  feet  of 
the  upper  rock  surface,  although  where  the  rock  comes  near 
the  surface  of  the  ground,  the  ground  water  level  may  lie  deep 
But  over  the  considerable  area  of  the  buried  valley  of  **  Bremer 
river'',  where  the  drift  is  200  feet  thick  and  more,  the  drill' may 
pass  through  the  drift  only  to  strike  the  Maquoketa  shale.  The 
boring  must  then  continue  through  the  Upper  Maquoketa  in 
order  to  find  water  in  the  limestones  of  the  Middle  Maquoketa. 
In  an  instance  of  one  farm  well  even  this  resource  failed,  and 
the  well  was  drilled  through  the  entire  Maquoketa,  Upper,  Mid- 
dle and  Lower,  and  into  the  Galena  before  sufficient  water  was 
obtained.  In  this  area  of  deep  drift  another  difficulty  presents 
itself ;  in  places  heavy  beds  of  fine  sand  are  encountered,  water- 
logged indeed,  but  impossible  to  sieve  out.  In  this  case  it  is 
only  with  much  care  and  skill  that  the  driller  forces  his  way  to 
the  underlying  gravels. 

On  the  wide  flood  plain  of  the  Cedar  water  is  obtained  by 
drive  wells.  Farms  on  the  floor  of  the  valley  of  the  Wapsi- 
pinicon,  and  even  some  distance  up  the  slopes  of  the  bordering 
hills,  obtain  a  most  copious  supply  of  excellent  artesian  water 
at  a  depth  of  about  100  feet,  from  glacial  gravels  underlying 
an  impervious  sheet  of  till.  From  Tripoli  to  the  Black  Hawk 
county  line  nearly  every  farm  in  the  valley  is  thus  supplied.  The 
original  head  has  been  seldom  measured,  but  in  one  well,  located 
somewhat  up  from  the  bottoms,  the  head  was  found  to  be  twenty- 
one  feet  above  the  curb.  Although  the  head  of  the  wells,  some 
of  which  have  been  flowing  for  more  than  twenty  years,  has 
lowered  considerably,  and  some  on  the  hillsides  have  ceased 
to  flow,  the  discharge  is  still  ample,  and  is  reduced  usually  to 
that  of  a  three  quarter  inch  pipe.  Unlike  some  drift  artesians, 
the  water  of  the  Wapsipinicon  valley  is  both  palatable  and 
healthful.  Flowing  wells  are  obtainable  also  in  the  valley  of 
the  East  Wapsipinicon,  at  least  below  the  confluence  of  Leroy 
creek. 

A  high  compliment  is  paid  in  recording  the  fact  that  each  of 
the  large  towns  of  the  county  has  supplied  itself  with  artesian 
water,  thus  insuring  the  health  of  its  citizens  against  those 
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diseases  of  which  drinking  water  is  the  vehicle.  This  fact  is 
all  the  more  noteworthy  in  that  the  county  is  removed  to  a 
considerable  distance  from  areas  where  successful  artesians 
had  already  been  sunk  and  the  sinking  of  these  wells  was  with- 
out near  precedents  and  examples,  and  no  doubt  seemed  to  their 
promoters  something  of  an  experiment. 

The  artesian  well  at  Waverly,  owned  by  the  city,  was  begun 
and  completed  in  1899.  It  had  been  the  intention  of  the  city 
council  to  sink  the  well  several  hundred  feet  deeper  in  order  to 
obtain  the  largest  possible  supply  under  the  greatest  possible 
head.  The  writer  was  called  in  when  the  well  had  reached  its 
present  depth,  and  as  he  advised  against  drilling  deeper,  because 
of  the  excellent  supply  already  obtained,  because  of  the  danger 
of  injuring  the  quality  of  the  water  by  tapping  veins  of  highly 
mineralized  waters  apt  to  be  found  at  greater  depths,  and  be- 
cause the  chief  aquifers  of  the  artesian  field  of  northern  Iowa 
had  already  been  passed  by  nearly  500  feet,  the  boring  was 
stopped  at  once.  The  supply  was  estimated  by  citizens  at  200 
gallons  a  minute.  Analysis  of  thfe  water  showed  it  to  belong 
to  the  finest  class  of  mineral  waters, — the  calcic  magnesic,  con- 
taining about  37  grains  to  the  gallon  of  calcium  and  magnesium 
carbonates.  The  small  amounts  of  sulphate  and  carbonate  of 
soda  present  are  not  unhealthful,  and  the  little  iron  in  the  water 
has  a  distinct  therapeutic  value.  No  sulphate  of  lime  is  pres- 
ent, and  the  water  ranks  among  the  best  drinking  waters  in  the 
state. 

The  first  water  vein  reported  was  encountered  in  the  St.  Peter 
at  730  feet:  In  the  Upper  Oneota  from  840  to  a  little  over  900 
feet  strong  veins  were  found,  giving  an  overflow  at  840  feet. 
Other  flows  were  found  in  the  Jordan  sandstone  from  1120  to 
1200  feet,  below  which  the  boring  seems  to  have  encountered 
no  more  water. 

The  supply  has  remained  entirely  adequate  to  the  growing 
needs  of  the  town.  In  the  summer  of  1905  the  well  was  found 
to  be  leaking  badly.  When  the  cistern,  19  feet  deep,  into  which 
the  well  discharges  from  a  pipe  seven  feet  from  the  curb  was 
pumped  down,  a  strong  flow  came  in  through  the  rock  bottom 
of  the  cistern  and  the  well  ceased  its  discharge,  resuming  when 
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on  the  CGssatioii  of  pumping  the  cistern  filled  to  near  the  level 
of  the  discharge  pipe  of  the  well.  It  was  suggested  that  the 
well  should  be  recased  to  near  the  Maquoketa  shale.  The  tem- 
perature of  the  water,  taken  with  some  difficulty  and  possibility 
of  error  from  the  water  discharging  into  the  cistern,  was  found 
in  1905  to  be  53  degrees  Fahr.  Samples  of  the  drillings  were 
carefully  saved  as  the  work  progressed  and  on  their  analysis  the 
following  geological  section  is  based: 

GEOLOGICAL  SECTION  OF  TfJE  WAVERLY  ARTESIAN  WELL. 

DESCRIPTION  OP  THR  DRILLINGS.  DBPrH  IN  PEBT. 

48      Limcstoue,  buflf,  et'-thv,  facies  of  Cedar  Valley  stage  ...         20 

47.  Limestone,  light   buff,  earthy   30 

48.  Limestone,  dense,  hard,  brittle,  brownish    drab  and  light 

buff,  of  finest  grain  and  conchoidal  fracture;  rapidity  of 
effervescence  in  cold  dilute  HCl  indicates  a  very  slight 
percentage  of  magnesium  carbonate;  facies  of  Wapsipini- 
con  stage  of  the  Devonian 40 

45.     Limestone  as  No.  46,  with  a  few  chips  of  flint  and  some  of 

light  yellow  arenaceous  limestone 50 

44.     Limestone,  light  buff,  earthy,  rapid   effervescence 60 

43.     Dolomite,  or  magnesian  limestone,  gray,  earthy  luster. ..         70 

42.  Dolomite  or  magnesian  limestone,  in  coarse  chips,  with 
flakes  of  bluish-white,  subtranslucent,  cryptocrystalline 
quartz 80 

41.     Dolomite  or   magnesian   limestone,  yellow  gray,  in    fine 

sand 90 

40.  Dolomite  in  large  chips,  gray,  luster  earthy,  with  crypto- 
crystalline silica  as  No.  42 100 

39.     Dolomite,  or  magnesian  limestone,  soft,  blue,  subcrystal- 

line 110 

38.     Shale,  blue,  with  small  nodules  of  pyrite,  and  fine  sand  of 

bluish  limestone  chippings  i20 

37.     Limestone,  soft,  blue,  saccharoidal ,  of  brisk  effervescence, 

pyritiferons 130 

36.  Shale,  calcareous,  bluish  or  greenish  in  color;  samples  at 
140.  150.  160.  170,  180,  190,  200,  210,  220.  230,  240,  250, 
and 260 

35.     Limestone,  mottled  light  and  dark  drab,  fine  saccharoidal, 

magnesian 270 

34.  Flint,  light  drab,  in  large  chips,  with  limestone,  blue- 
gray,  of  rapid  effervescence .       28J 

33.  Limestone,  blue-gray,  rapid  effervescence,  soft,  argil- 
laceous, with   considerable  flint;  samples  at  290.  300  and      320 

32.  Limestone,  white,  light  gray,  and  cream  colored,  often  in 
thin  flakes,  rather  soft,  and  often  argillaceous,  luster 
earthy,  effervescence  rapid:  samples  at  360,  390,  400,  410, 
420,  430,  470.480.  490,  500,  510,  540.  550,  560,  580,  and..       590 
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31.     Sdale,  green,  with  some  fine  chips  of  limestone 600 

JO.     Limestone,  soft,  earthy,  non-magnesian,  light  gray,  fossil- 

iferous 610 

29  Limestone  and  shale,  the  latter  green,  (two  samples  for 
this  depth,  one  of  limestone  of  Trenton  facies  and  one 
of  Trenton  shale  as  No.  31,  may  represent  the  interval 
between  610  and  630  feet.) 620 

28.     Shale,  green,  in  angular  chips,  with  some  chips  of  light 

gray  limestone  as  above 630 

27.     Limestone,  soft,  earthy,  wi:h  mach  green  shale;   samples 

at  640,  650  and 660 

26.     Shale,  green,  bright,  plaicic,  in  large  pieces  ot  dried   ciay 

cleaned  from  drill;  samples  at  670  and 680 

25.     Sandstone,  white,  soft,  grains  of  pure  quartz,    moderately 

well  rounded  and  rather  fine;  samples  at  690,  700  and. ..      710 

24.     Dulomite,  gray,  cherty,  with  chips  of  white   saccharoidal 

sandstone  and  much  quartz  sand 720 

23.     Dolomite,  bard,  crystalline,  light  gray  or  cream   colored, 

in  chips  with  much  quartz  sand;  samples  at  740,  760  and      780 

22.  Dolomite,  light  yellow-gray,  in  chips  mingled  with  much 
white  sand;  samples  said  to  represent  drillings  from   790 

to 920 

(Another    statement  that    here  drillings  washed    away 
because  of  overflow  at  840  feet.) 

21.     Dolomite,   white,    crystalline ,  oherty,  with    much  moder- 
ately fine  quartz  sand  in  sample  of  drillings;  930  and 940 

20.     Dolomite,  cream  colored 950 

19.     Sandstone,  white,  fine  grained,  calcareous  cement,  io  small 

chips  with  some  of  pink  dolomite  and  grains  of  sand 960 

18.     Dolomite,  light  gray,  cherty,  arenaceous 970 

17.  Dolomite,  mostly  in  clean  sand  and  chips,  often  vesicular, 
white,  gray,  pink,  often  cherty;  samples  at  980,  990,  1000, 
1010,  1020,  1030,  1040,  1050.  i060,  1070,  1100,  1110  and  1120 
6.  Sandstone,  white,  soft,  of  clean  quartz,  grains  rounded, 
general  size  of  grains  of  last  sample  about  ^  millimeter 
in  diameter;  samples  at  1130,  1140.  aod 1150 

15.  Sandstone,  drillings  consist  in  part  of  angular  sand  of 
what  appears  1 1  the  naked  eye  as  a  light  yellow  dolomite, 
effervescing  freely  in  hot  HCl.  Under  the  microscope 
it  is  seen  to  consist  of  minute  angular  grains  of  limpid 
crystalline  quartz  with  calcareous  cement:  much  of  the 
drillings  consists  of  rounded  grains  of  white  sand;  samples 
at  1160  and 1170 

14.     Sandstone,  quartz,  moderately  fine  and  well  rounded,  with 

chippings  of  gray   dolomite 1180 

13.     Sandstone,  calciferous  as  No.  15;  samples   at  1190  and....     1200 
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12.     Sandstone,   finegrained,    white  1210 

11.  Sandstone,  calciferous  as  No.  15  with  some  flak  s  of  dolo- 
mite;   1220   and 1230 

10.  Dolomite,  highly  siliceous,  with  fineiy  divided  quartzose 
matter  of  angular  particles  and  somewhat  arenaceous,  with 
bright  green   grains   of  chlorite;    samples  at   1240,    1250, 

1260  and 1270 

9.     Chert  and  dolomite  and  siliceo-calcareous  shale 1280 

8.     Dol  J  mite,  highly  argillaceous  and  siliceous 1290 

7      Dolomite,  gray,  siliceous,  silica  in  form  of  minute  angular 

crystalline  particles  constituting   a  large  part  of  the  rock; 

.    with  some  green  grains  of  chlorite;   samples  at  1300,   1310, 

1320.1330   and 1340 

6.     Shale,  bluish  green,   feebly   calcareous;    samples   at    1410 

1420,  1430and 1440 

5.     Shale,  pink,  buff  and  green,  non-calcareous 1450 

4.     Shale,  blue-green,   somewhat  indurated,    non-calcareous; 

samples  at  1460,  1470,  1480,  1490, 1500,  1510,  1520  and. . .     1530 
3.     Sandstone,  rather  coarse  grains,   drillings   contain   clayey 
admixture,  and   dolomite  chips;  sample   said  to  repre- 
sent drillings  from  1540  to 1580 

2.  Shale  of  various  colors:  yellow;  a  bright  dark  green  set 
thickly  with  grains  of  chlorite;   red,   arenaceous,    with 

small  partially  rounded  quartz  grains 1590 

1.  Shale,  blue-green,  with  considerable  red  shale  probably 
from  above;  samples  at  1600,  1610,  1620,  1640, 1670,  1690, 
1700.  1710   and 1720 

ASSIGNMENT  OP  STRATA. 

iroRMATTOVR  IXVM'        THICKNESS        DBPTH  IN      ELKVA- 

FOBUATIONS.  BBBS.  IN  FEET.  FEET.        TION  A.  T. 

Devonian ,  Cedar  Valley 48-47  40  40  890 

Devonian,  Wapsipinicon 46-44  30  70  860 

Niagara 43-39  50  120  810 

Maquoketa 38-36  150  270  660 

Galena  and  Platteville 35-26  420  690  240 

St.  Peter 25  30  720  210 

Upper  Oneota  or  Shakopee 24-20  240  960  -30 

New  Richmond 19-18  20  980  -SO 

Lower  Oneota 17  150  1130  -200 

Jordan 16-11  110  1240  -310 

St.  Lawrence  dolomites  and  calciferous 

sandstones    10-7  170  1410  -480 

St.  Lawrence  shales 6-1  310  1720  -790 

It  is  not  improbable  that  the  magnesian  limestone  of  No.  35 
and  the  cherty  limestones  of  Nos.  34  and  33  represent  the  lime- 
stones of  the  Middle  Maquoketa  seen  in  the  Sumner  well  and 
outcropping  in  Fayette  county  as  fully  described  by  Savage.* 

*Iowa  Geological  Survey.  Vol,  15,  p.  464. 


ASSIGNMENT  OF  STRATA.  401 

In  this  case  the  Lower  Maquoketa  shales  are  either  uurepre- 
sented  in  the  samples  of  the  Waverly  well  drillings,  which  unfor- 
tunately do  not  completely  cover  this  horizon,  or  have  thinned 
out  to  tli3  west  and  are  wanting  in  the  western  part  of  the 
county.  The  assignment  of  these  strata  to  the  Galena  is,  how- 
ever, more  in  accordance  with  the  tliickness  and  dip  of  the 
formations. 

Comparing  the  elevations  above  tide  of  the  best  distinguished 
horizons  at  Waverly  and  Sumner  we  may  estimate  the  dip  of 
the  strata  to  the  southwest  in  20  miles. 

DIFFERENCES 
WAVERLY.  SUMNER  IN  ELEVATION. 
FBBT.      FEET.  FEET. 

Summit  of  the  Maquoketa 810  904  94 

Summit  of  the  St.  Peter 240  340  100 

Summit  of  Jordan —200  —106  94 

Summit  of  St.  Lawreace  Shales  —480  —376  104 

These  results  indicate  a  general  dip  of  the  Paleozoic  strata  in 
this  area  to  the  amoimt  of  about  five  feet  to  the  mile  to  the 
southwest. 

The  deep  well  at  Sumner  was  begun  in  early  August  1899, 
but  owing  to  the  loss  of  tools  in  the  well  at  1770  feet,  which  the 
contractors  were  not  able  to  remove,  the  well  was  not  accepted 
until  January  of  1902.  Water  was  found  in  the  Middle  Maquo- 
keta at  260  feet,  with  a  temperature  of  51  degrees  Fahr.,  and 
a  head  of  1036  A.  T.  rising  to  within  eighteen  feet  of  the  surface. 
Other  veins  were  struck  in  the  Galena  from  420  to  660  feet. 
The  head  of  eighteen  feet  below  the  curb  was  retained  until 
the  well  was  sunk  to  1086  feet,in  the  Lower  Oneota,  when  the 
water  fell  to  the  present  height  of  -144  feet,  owing  to  a  strong 
inflow  here  at  the  low  head  of  910  feet  A.  T.  The  capacity  of 
the  pump  installed  is  200  gallons  a  minute,  and  continuous 
pumping  for  five  days  has  not  lowered  the  water  below  the 
cylinder,  which  is  set  204  feet  below  the  curb.  The  temperature 
of  the  water  as  taken  from  the  pump  is  50  degrees  Fahr.  The 
water  has  a  slight  sulphurous  odor  when  first  drawn,  due  no 
doubt  to  the  presence  of  sulphureted  hydrogen.  But  the  rapid 
escape  of  the  gas  soon  renders  the  water  entirely  free  from  any 
disagreeable  taste  or  odor.  The  water  ranks  among  the  best 
artesian  waters  in  the  state. 
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It  will  he  noted  from  the  geological  section  of  the  well  that 
here,  as  at  Waverly,  the  boring  was  continued  several  hundred 
feet  below  the  chief  water  bearing  stratum  or  aquifer,  the  Jor- 
dan sandstone.  Tn  each  case  about  one  thousand  dollars  might 
have  been  saved  by  stopping  the  boring  at  the  base  of  the  Jor- 
dan, below  which  lay  the  dry  dolomites  and  shales  of  the  St. 
r.awrence,  penetrated  to  a  depth  of  between  450  and  480  feet. 
Tn  case  new  wells  are  drilled  at  either  Waverly  or  Sumner,  the 
depth  need  not  exceed  1240  feet  at  the  former  and  1280  at  the 
latter  town. 

DESCRIPTJON  OF  DRILLINGS.  CITY  WELL,  SUMNER. 

VO.    CHARACTER  OF  DRILLINGS.  DEPTH  IN  PBET. 

44.     Sand  and  gravel ,  yellow  40 

43.     Gravel,  coarse,  pebbles  in  sample  up  to  three  inches 

diameter 41 

42.     Till,  glacial  stony  clay,  drab;  samples  at  50,   57.  70, 

90  (sandy).  100,  110,  and  120 

41.     Limestone,  largely  drab,  fine-grained,  of   Wapsipini- 

con  type 128 

40      Limestone,  hard,  light  buff,  of  rapid   effervescence, 

samples  at  135  and , 140 

39.     Limestone  and  shale;  limestone  light  buff,  of  rapid 

effervescence,  shale  drab;  samples  at  150  and 160 

38.     Shale,  blue-green,  plastic,  calcareous;  samples  at  170, 

190,  200,  210  and 220 

•  'hard  rock"  in  diiller's  log  at 230 

(Samples  of   drillings  consist   of  drift,   sand   and 

gravel) 235 

37.  Limestone,  light  blue-gray,  earthy  luster,  mottled, 
of  rapid  effervescence  in  cold  dilute  HCl,  with  much 
chert  of  same  color;  samples  at  250.  260,  270  and. . .  280 

36.    Limestone,   soft,  semi-crystalline,  gray,  rapid    effer- 
vescence.cherty,one  sample  containing  crinoidstem; 
samples  at  290,  300  and 310 

35.     Shale,  lieht  blue-green,  calcareous;  samples  at   320, 

330,  340,  350  and 360     ' 

34.  Limestone,  blue-gray,  of  rapid  effervescence;  sam- 
ples at  370,  380  and 390 

33.     Shale,  calcareous,  drab;  samples  at  400  and 410 

32.     Limestone,  cream  colored,  soft,  in  thin   flakes 410-420 

31.  Limestone,  light  and  dark  gray,  soft,  earthy  luster, 
rapid  effervescence;  samples  every  ten  feet  from 
430  inclusive  to 630 

30.     Limestone,  dark  blue,  highly  fossiliferous;  640   and  650 

29.     Shale,  bright  green,    plastic,    slightly  calcareous; 

samples  at  660,  665  and 668 
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MO.  DBPTH  IN  FEBT. 

28      Limestone,  mottled  gray,  fossiliferoas,  rapid  effeivescence; 

samples  at  678,  683,  690,  700  and 710 

27.     Shale,  bright  green 710-714 

(These  shales  at  665  and  710  are  highly  fossiliferous  and 
fragments  of  them  with  bits  of  thtir  characteristic  fossil 
brachiopods,  etc. ,  occur  in  almost  all  the  drillings  below 
this.) 

26.  Sandstone,  of  clean  white  quartz  sand,  grains  well  rounded, 
rather  fine,  at  720  some  limestone  chippings  in  the  drill- 
ings; samples  at  720,  730,   750,  760  and 770 

25.     Dolomite,  white,  gray   and   light  buff,  in  places   cherty, 

crystalline;  samples  at  780,  790,  800,  820,  830,  840  and. .      850 

24.  Dolomite,  cream  colored,  with  much  quartz  sand  in  drill- 
ings       860 

23.     Dolomite,  pink,  arenaceous,  with  minute  rounded  grains 

of  crystalline  quartz;  samples  at  870  and  880 

22.     Dolomite,  light  buff  and  pinkish;  samples  at  890,  900  and      910 

21.  Sandstone,  and  dolomite,  drillings  chiefly  or  largely  fine 
grains  of  quartz  sand ,  but  with  chips  of  light  gray  dolo- 
mite; 920  and 930 

20.     Sandstone,  fine  grained,  white,  grains  well  rounded 940 

19.     Sandstone,  white,  and  dolomite,  gray 950 

18.  Dolomite,  white  or  light  gray,  in  places  saccharoidal,  in 
places  with  white  chert,  at  980  drillings  contain  consider- 
able sand;  samples  at  960,  970,  980,  990,  1000, 1010,  1015, 
1020,  1030,  1050,  1060,  1070  and 1080 

17.     Sandstone,  of  white  clean   quartz     grains  well  rounded, 

moderately  fine  1090 

16  Dolomite,  white  and  light  gray  and  buff,  with  siliceous 
residues  of  finely  divided  quartzose  matter,  and  at  1150 
finely  arenaceous;  samples  at  1120,  1 140  and 1150 

15      Sandstone,  fine  grained,  white,  grains  of  clear  quartz,  well 

rounded;  1160  and 1170 

14.     Sandstone,  as  above,   but  coarser,  some   grains  reaching 

one  mm.  in  diameter 1180 

13.     Sandstone  as  No.  15;  1190.  1200  and 1210 

Drillings  from  1230,  1236  and  1240  are  indecisive,  consist- 
ing at  1236  of  highly  calcareous  shale  resembling  the 
Mac)]apketa,  and  at  the  two  other  depths  of  limestone 
clearly  Trenton  and  fallen  in  the  boring.  Considerable 
qnartzsand  is  mingled  with  the  drillings,  and  while  this 
may  have  fallen  from  above,  it  is  the  only  material  in 
the  samples  in  which  the  drill  apparently  could  have 
worked  at  1230  and 1240 

12.     Sandstone,  fine,   white,  with   Trenton    limestone    in    the 

drillings;  1260  and 1270 
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NO.  DEPTH  IN  FEET. 

11.  Dolomite,  highly  siliceous,  with  mioate  angular  particles 
of  crystalline  quartz,  in  places  with  {^[reeo  grains  of  chlor- 
ite; samples  at  1280.  1290,  1300,  1310,   1330,    1310.    1360. 

1368,  1370.  1380,  1390,  1420  and 1425 

Shale,  reddish,  feebly  calcareous 1430 

Shale ,  green,  feebly  calcareous;  1440,  1450  and 1460 

Shale,    green,    fossiliferous,    practically    non-calcareous, 

minutely  quartzose;  1480,  1490,  1500,  15.0  and 1520 

Shale,  bright    and  light  green,    highly    arenaceous    with 

minute  grains  of  quartz,  chloritic 1530-1550 

Sandstone,  gray,  fine  grained,  with  chlorite  grains 1560 

(Drillings  only  a  few  water  worn  fragments  of  shal. }    ....     1570 
(Drillings  chiefly  rusted  chips  of  iron,  from  a  fallen  sluin 

bucket,  cut  up  by  the  drill)   1580 

Sandstone,  gray,  fine  grained  1600 

Shale,   dark   and  bright   green,  minutely   arenaceous   and 

chloritic;  1610  and 1620 

Sandstone,  tine  grained,  mingled  with  soiue  greenish  argil- 
laceous material;  dried  blocks  set  after  pouring  from  slush 

bucket  are  readily  friable 1630 

Shale,    light   green,    finely  arenaceous,  feebly    calcareous, 

plastic 1640 

Marl,  green,  greeaish  yellow  or  greenish  gray,  highly 
arenaceous  with  almost  impalpable  quartz  grains,  cal- 
careous and  argillaceous,  chlorite  present  in  round  grains 
of  dark  green  color,  some  samples  easily  friable  when 
dried,  others  more  clayey  and  somewhat  tenaceous;  sam- 
ples at  1660,  1670,    1680.  1690,  1700.  1710,  1720.   1730.  and     1740 
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INTRODUCTION. 

LOCATION  AND  AREA. 

The  fourth  from  the  Mississippi  river  and  also  the  fourth 
from  the  Minnesota  line,  Black  Hawk  county  lies  four  square, 
the  only  irregularity  in  its  outline  being  an  offset  of  one  mile 
made  by  the  correction  line  which  passes  through  the  middle 
of  the  county.  The  row  of  sections  immediately  south  of  this 
line  are  reduced  about  one-fourth  in  area,  thus  making  the 
area  of  the  county  about  five  hundred  and  seventy  square  miles. 
Bremer  county  bounds  it  upon  the  north;  Buchanan  on  the  east; 
Benton  and  Tama  on  the  south  and  Grundy  and  Butler  on  the 
west.  The  only  known  indurated  rock  within  its  bounds  is  the 
Devonian ;  and  of  the  unconsolidated  materials,  alluvium  and  lo- 
wan  drift  are  the  only  representatives  at  the  surface  excepting  a 
small  area  of  loess  in  Waterloo  township.  Wherever  there 
is  any  considerable  depth  of  mantle  rock,  however,  its  greater 
bulk  is  Kansan  drift,  the  lowan  being  everywhere  comparatively 
thin. 

In  this  county  no  very  serious  geological  problems  present 
themselves,  nor  dpes  the  rock  or  drift  offer  any  unusually  inter- 
esting phases  of  expression  or  development,  yet  to  the  obser- 
vant and  thoughtful  no  inconsiderable  part  of  the  wonderful 
geological  story  is  told  in  a  clear  and  very  entertaining  manner. 

PREVIOUS  GEOLOGICAL  WORK. 

Since  neither  the  rock  nor  the  surface  of  Black  Hawk  county 
affords  striking  or  obviously  important  characteristics,  such 
as  would  challenge  the  attention  of  those  who  were  making  an 
examination  of  an  extensive  region  with  limited  opportunities  at 
their  command,  the  history  of  geological  work  within  its  bounds 
is  a  brief  one. 

Worthen  passed  through  Cedar  Falls  in  1856  and  in  his 
report  to  Hall  makes  the  following  note:  ^*At  Cedar  Falls  the 
only  rocks  exposed  are  in  the  bed  of  the  river,  forming  a  ripple 
across  the  stream  at  this  point.  The  lowest  stratum  exposed 
is  a  brown,  arenaceous  limestone  from  fifteen  to  eighteen  inches 
in  thickness,  overlain  by  some  thin  strata  of  buff  and  gray 
limestone.  No  fossils  were  detected  in  the  rocks  here,  and  the 
exposure  was  not  sufficient  to  afford  an  interesting  section.*'* 

^Report  on  the  Geol.  Surr.  of  Iowa,  by  James  Hall  and  J.  D.  Whitney,  Vol.  I,  Part 
1.  p.  ISI.  1858. 


PREVIOUS  GEOLOGICAL  WORK.  411 

Mr.  0.  H.  St.  John,  a  resident  of  Waterloo,  made  some 
collections  of  fossils  at  that  place,  which  contributed  materially 
to  the  knowledge  of  the  ancient  life  in  this  region.  In  1866 
Mr.  R.  P.  Whitfield  spent  some  time  at  Waterloo,  Raymond  and 
othei:  localities  in  neighboring  counties  and  made  quite  an  exten- 
sive collection  of  specimens.  In  the  23d  Annual  Report  on 
the  State  Cabinet  of  New  York,  from  the  data  thus  obtained, 
Hall  and  Whitfield  attempted  to  correlate  the  rock  formation  of 
Black  Hawk  and  adjacent  counties  with  the  Devonian  formation 
of  New  York. 

The  futility  of  such  an  effort  has  been  set  forth  very  plainly 
by  Calvin  in  his  report  on  Buchanan  county.*  The  present 
writer  can  do  no  better  than  to  quote  from  Calvin.  *^It  is  worth 
noting  that  some  years  ago  the  quarry  stone  at  Raymond  was 
referred  to  the  Schoharie,  the  coral-bearing  beds  at  Waterloo 
were  called  Corniferous,  the  limestones  at  Independence  were 
assigned  to  the  Hamilton,  and  the  Lime  Creek  shales  were 
called  Chemung.  Now  the  Lime  Creek  fauna  is  found  in  shales 
below  the  Independence  limestones,  and  so,  judging  from  the 
fauna,  the  Independence  shales  are  also  Chemung.  Further- 
more, the  coral-bearing  beds  of  Waterloo  are  younger  than  the 
limestones  at  Independence,  for  they  lie  above  them,  and  the 
quarry  stone  at  Raymond  is  still  younger  than  the  coral  beds 
that  were  referred  to  the  Corniferous.  Beginning  with  the 
Independence  shales,  the  actual  order  of  the  strata  of  Iowa, 
according  to  the  correlation  referred  to,  would  be  (1)  Chemung, 
(2)  Hamilton,  (3)  Corniferous,  (4)  Schoharie-  a  complete  rever- 
sal of  the  order  observed  in  New  York.'' 

No  allusion  to  Black  Hawk  county  geology  appears  in  White's 
report.  McGee  in  his  Pleistocene  History  of  Northeastern 
lowaf  mentions  the  county  along  with  many  others  in  describing 
their  streams,  common  characteristics,  etc.,  much  of  which  is 
interesting  reading  to  the  student  of  geology  of  the  county. 
Calvin  has  visited  portions  of  the  county  and  makes  incidental 
reference  to  its  geology  in  some  of  his  reports  on  sister  counties. 

*0alTin:  Iowa  Qeol.  Sarv..  Vol.  VIII.  p.  205.  and  221-222. 

tMcQee:  EloTonth  Ann.  Rept.  U   S.  Oeol.  Surv..  pp.  202.  210,  228,  40»,  481.  et  al. 
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PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  surface  of  this  county  is  made  up  chiefly  of  the  valleys  of 
the  Cedar  and  the  Wapsipinicon  rivers  and  their  larger  tributa- 
ries, and  the  lowan  plains  which  lie  between  and  on  either  side  of 
these  valleys.  Low  bluffs  rise  near  the  south  side  of  the  West 
Fork  of  the  Cedar,  and  also  along  the  south  side  of  Beaver 
creek  at  a  varying  distance  from  the  stream.  These  bluffs  at 
first  are  low,  but  increase  in  height  eastward,  and  merge  into  the 
higher  and  more  precipitous  bluffs  of  the  Cedar.  For  two  miles 
above  Cedar  Falls  the  bluffs  rise  immediately  from  the  river 
banks  to  an  average  height  of  sixty  feet.  At  Cedar  Falls  they 
sweep  away  from  the  river,  leaving  a  level  area  on  which  the 
older  part  of  the  city  is  built.  They  then  ^ve  way  for  the  pas- 
sasre  of  the  waters  of  Dry  Run.  Then  at  once  recovering  their 
heierht  they  pass  in  a  southeasterly  direction,  receding  from  the 
river  and  gradually  losing  their  height  and  steepness  of  slope. 
Beyond  Waterloo  they  maintain  a  distinct  line  between  the 
valley  and  the  drift  plain  for  many  miles,  though  at  a  consid- 
erable distance  from  the  river  and  with  a  marked  diminution  in 
altitude. 

These  bluffs  are  gashed  by  numerous  ravines  such  as  char- 
acterize the  Kansan  drift  areas,  and  which  evidently  owe  their 
origin  to  the  pre-glacial  erosion  interval.  Between  Cedar  Falls 
and  Waterloo  the  Kansan  drift  features  are  further  manife<^t 
in  rounded  hilltops  crowned  with  loess,  though  lowan  drift 
appears  in  thin  veneerings  in  the  immediate  neighborhood,  and 
sound  granitoid  bowlders  are  frequently  seen.  Thus  in  sec- 
tions 16,  17,  20  and  21  of  Waterloo  township  the  prevailino: 
topography  is  essentially  Kansan.  The  same  can  be  said, 
though  in  a  less  emphatic  way,  of  sections  11,  12,  13  and  24 
of  Orange  township  and  of  sections  18  and  19  of  Cedar  town- 
ship. Tn  the  sections  named,  and  in  a  more  or  less  extended 
area  adjacent  to  them,  the  lowan  drift  deposit  is  thin  at  best  and 
only  partially,  if  at  all,  obliterates  the  effects  of  the  extended 
erosion  period  preceding  the  lowan  ice  invasion. 

Once  beyond  the  region  mentioned  above,  the  Towan  plain 
appears  and  constitutes  the  surface  of  the  greater  part  of  th^ 
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townsliips  of  Cedar  Falls,  Orange,  Cedar  and  Big  Creek  and 
the  whole  of  Black  Hawk,  Lincoln  and  Eagle  townships.  The 
latter  townships  are  remote  from  the  river  and,  excepting  the 
narrow,  sinuous  channels  of  a  few  small  streams,  scarcely  show 
a  scar  anywhere  upon  their  surface,  so  gently  have  the  erosive 
agents  dealt  with  them  since  the  withdrawal  of  the  last  great 
ice  sheet  that  visited  this  region. 

On  the  north  and  east  of  the  Cedar  the  valley  plain  rises 
very  gradually  and  usually  imperceptibly  to  the  general  level 
of  the  drift  plain.  It  is  for  the  most  part  three  or  four  miles 
Avide,  level  and  sandy,  and  was  once  wood  clad,  but  now  much 
of  it  has  been  deforested.  There  are  numerous  indications  that 
nearly  every  part  of  the  valley  proper  has  been  traversed  at 
some  time  by  the  river.  Many  large  oxbows  are  still  in  con- 
nection with  it  at  ordinary  stages  of  the  water.  Narrow,  curved 
bodies  of  water,  locally  known  as  lakes,  some  of  them  two  or 
three  miles  in  length,  as  in  Cedar  township,  often  in  line  and  con- 
nected more  or  less  completely,  i)lainly  locate  former 
channels  (PI.  VII).  These  lakes,  often  fringed  with  bushes 
and  trees,  contribute  to  the  beauty  of  the  scenery  along  the 
river  and,  being  stocked  with  fish  in  many  instances,  are  favor- 
ite resorts  with  those  who  would  seek  recreation  apart  from 
their  wonted  scenes  of  activity.  Depressions  of  every  grada- 
tion of  size,  but  always  similar  in  shape  and  trend,  are  so  abun- 
dant as  to  make  their  occurrence  a  remarkable  feature  of  this 
valley.  At  the  time  of  freshets,  not  only  does  the  river  fill  the 
old  channels,  but  it  occupies  much  of  the  intervening  valley. 

A  little  before  the  river  leaves  the  county,  the  valley  nar- 
rows and  loses  to  some  extent  the  characteristics  it  presents  else- 
where. There  is  also  a  noticeable  constriction  of  the  valley  at 
Waterloo.  In  the  northeastern  part  of  the  county  the  entire 
townships  of  Union  and  Washington  are  in  the  valleys  of  the 
Cedar  and  its  tributaries.  The  topography  of  Union  township 
is  materially  different  from  that  of  any  other.  The  winds 
seem  to  have  had  an  unimpeded  sweep  previous  to  its  settlement 
and  gathered  the  sand  into  dunes  of  considerable  height  and 
extent,  giving  the  region  a  broken  aspect  unlike  that  of  any  other 
part  of  the  county.     The  poplars,  burr  oak  and  other  trees  and 
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shrubs  of  similar  habitat,  have  taken  possession  of  many  of 
these  dunes,  and  all  are  now  covered  witli  vegetation  of  some 
kind,  though  the  early  settlers  say  that  when  first  they  knew 
the  country,  there  were  stretches  of  naked  sand  still  at  the 
mercy  and  sport  of  the  winds. 

The  same  features  that  characterize  the  valley  of  the  Cedar 
may  be '  observ^ed,  though  in  modified  form,  in  the  valleys  of 
its  larger  tributaries,  as  well  as  in  the  valleys  of  the  Wapsi- 
pinicon  and  its  tributary.  Crane  creek.  Spring  creek  which  runs 
not  far  from  the  eastern  border  of  the  south  half  of  the  coimty 
is  an  exception  in  that  its  valley  is  narrow  and  with  moderately 
sloping  sides  for  most  of  its  course,  as  if  it  had  been  the  last 
born  of  the  streams  of  the  county. 

In  Bennington  and  Barclay  townships,  in  the  north  half  of 
Poyner  and  in  the  western  two-thirds  of  Fox  township,  the 
lowan  drift  plain  appears  at  its  best,  there  being  no  large 
streams  to  interrupt  the  seeming  endless  succession  of  low, 
wide-arched  ridges  and  shallow  conca\aties  along  the  lowest  part 
of  which,  grassy  and  most  gently  descending,  the  surplus 
water  from  the  heavy  rains  and  melting  snows  finds  its  way 
as  best  it  can.  The  other  townships  are  mostly  within  the 
valleys  already  described.  In  a  part  of  East  Waterloo,  Poyner 
and  Spring  Creek  townships  the  river  approaches  the  eastern 
border  of  its  valley  and  the  level  of  the  drift  plain  is  reached 
by  a  somewhat  abrupt  slope,  though  at  no  such  great  height 
above  the  river  valley  as  is  the  case  on  the  other  side  of  the 
river. 

There  is  little  in  the  topography  of  the  county  that  is  excep- 
tional and  distinct  from  the  features  described  above.  An  occas- 
sional kettlehole  occurs  in  Lester  and  Bennington  townships 
and  perhaps  elsewhere,  but  they  present  nothing  worthy  of 
further  notice.  In  the  northwest  quarter  of  section  24,  Eagle 
township,  is  a  prominent  ridge  extending  northeast  and  south- 
west, having  little  soil  upon  its  crest  and  upper  slopes.  The 
greater  mass  of  the  elevation  is  limestone  and  is  the  only  rock 
in  a  wide  area,  embracing  the  whole  southwest  quarter  of  the 
county.  It  was  doubtless  one  of  those  islands  in  the  sea  of 
lowan  ice  mentioned  repeatedly  by  Calvin  in  earlier  volumes 
of  the  Iowa  Geological  Survey. 
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The  other  exceptional  elevations  in  the  county,  which  occur 
in  Cedar,  Orange  and  Waterloo  townships,  are  capped  with  loess 
and  are  composed  for  the  greater  part,  if  not  wholly,  of  Kansan 
till. 

ALTITUDES. 

The  elevation  of  the  principal  places  as  given  in  Gannett 's 
Dictionary  of  Altitudes,  is  as  follows: 

STATION.  FBBT.  AUTHORITY. 

Cedar  Falls 854  B.  C.  R.  &  N.  R.  R. 

Dewar 889  C.  Gt.  W.  R.  R. 

Dunkerton 945  C.  Gt.  W.  R.  R. 

E.  Waterloo 843  C.  Gt.  W.  R.  R. 

Hudson 883  C.  Gt.  W.  R.  R. 

Jacobs  Siding 982  I.  C.  R.  R. 

La  Porte  City 812  B.  C.  R.  &  N.  R.  R. 

Mona  Junction 865  I.  C.  R.  R. 

Normal  Hill,  Cor.  Normal  and  24th  Sts.  937  T.  R.  Warriner. 

Norris 864  B.  C.  R.  &  N.  R.  R. 

Raymond 885  I.  C.  R.  R. 

Washburn 827  B.  C.  R.  &  N.  R.  R. 

Wilson  Junction 870  C.  Gt.  W.  R.  R. 

Winslow 884  B.  C.  R.  &  N.  R.  R. 

'    Janesville 891  I.  C.  R.  R. 

Jesup 982  I.  C.  R.  R. 

Janesville  and  Jesup  are  reported,  though  not  in  the  county, 
since  they  are  close  upon  its  borders.  It  is  interesting  to  note 
that  Jesup  and  Jacobs  Siding,  near  the  eastern  and  western 
limits  of  the  county  respectively  and  on  nearly  the  same  parallel, 
have  the  same  altitude,  982  feet.  Janesville  on  the  Cedar  at  its 
entrance  into  the  county  has  891  feet,  and  La  Porte  City,  seven 
miles  from  the  place  where  it  leaves  the  county,  has  812  feet 
elevation,  a  difference  of  79  feet.  The  winding  course  of  the 
Cedar  between  the  two  points  is  about  thirty-seven  miles,  making 
the  average  fall  of  the  river  about  two  feet  per  mile. 

Jacobs  Siding  is  the  highest  elevation  given  in  the  county. 
It  is  about  two  miles  west  of  Cedar  Falls  on  the  Illinois  Central 
Railway  and  has  long  been  unfavorably  known  among  the  rail- 
road men  as  the  Cedar  Falls  Hill.  Recently  it  has  been  avoided 
by  the  railroad  company  by  the  construction  of  a  new  line  nearer 
the  river,  which  reaches  the  level  of  the  country  between  Cedar 
Falls  and  New  Hartford  by  a  much  easier  grade. 
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From  the  elevation  of  Fairbank,  which  is  not  far  from  the 
northeast  corner  of  the  county,  that  part  of  the  county  has  an 
elevation  equal  to,  if  not  greater  than,  Jacobs  Siding. 

DRAINAGE. 

The  drainage  of  the  county  is  accomplished  almost  wholly  by 
the  Cedar  river  system.  The  Wapsipinicon  with  its  tributary. 
Crane  creek,  cuts  the  northeast  corner  of  the  county,  the  only 
townships  affected  by  their  agency  being  Lester,  the  east  half 
of  Bennington  and  the  northeast  corner  of  Barclay. 

The  Cedar,  as  it  is  known  in  Black  Hawk  county,  is  the  product 
of  the  union  of  three  nearly  equal  streams,  the  Cedar  from  the 
north  and  east,  the  Shell  Rock  from  the  northwest  and  the  West 
Fork  from  the  west.  The  two  latter,  however,  effect  a  junction 
about  one  mile  above  their  junction  with  the  Cedar.  From  this 
point,  which  is  within  a  mile  and  a  half  of  the  north  line  of 
the  county,  the  Cedar  pursues  its  way,  in  size  and  importance 
second  only  to  the  Des  Moines  among  the  rivers  within  the  bor- 
ders of  Iowa.  Excepting  for  a  short  distance  below  the  dam 
at  Cedar  Falls  and  also  at  Waterloo,  its  bed  is  in  unconsoli- 
dated material.  Tiittle  indurated  rock  outcrops  anj^where  along 
its  banks,  even  the  liigh  bluffs  in  the  neighborhood  of  Cedar 
Falls  and  Waterloo  being  apparently  made  up  wholly  of  drift 
material.  Its  course  for  the  first  four  or  five  miles  is  nearly 
south,  then  southeast  until  at  Gilbertsville  it  again  takes  a  south- 
ward direction  for  four  or  five  miles  when  it  bends  to  the  south- 
east, keeping  that  direction  for  the  remainder  of  its  passage 
through  the  county. 

Proceeding  southw^ard  the  tributaries  from  the  west  are  Bea- 
ver, Dry  Run,  Black  Ilaw^k,  Miller,  Big  and  Rock  creeks.  On 
the  east  Elk,  Indian  and  Spring  creeks  are  the  principal  trib- 
utaries. It  is  w^orthy  of  note  that  each  of  these  streams  approach- 
es the  Cedar  at  nearly  a  right  angle,  in  marked  contrast  with 
the  tributaries  of  the  Wapsipinicon  and  the  Iowa.  The  hydro- 
graphic  basin  of  the  Cedar  is  therefore  much  wider  proportion- 
ately than  is  that  of  either  of  the  other  rivers  named.  Along 
the  north  line  of  the  south  row  of  townships  in  Buchanan,  Black 
Hawk  and  Grundy  counties  the  Cedar  valley  extends  fully  sixty 
miles  east  and  west.     This  width  it  maintains  very  nearly  from 
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the  north  border  of  the  state  to  the  neighborhood  of  Cedar  Rap- 
ids, beyond  which  its  valley  narrows  very  rapidly  by  the  ap- 
proach of  the  Iowa  with  which  it  unites  in  Louisa  county.  The 
headwaters  of  Spring  and  Elk  creeks  are  within  two  miles  of  the 
Wapsipinicon  river  and  Crane  creek  respectively,  while  the 
Black  Hawk  takes  its  rise  within  five  or  six  miles  of  the  Iowa. 
Thus  it  may  be  seen  that  the  Cedar  dominates  nearly  the  entire 
territory  between  the  Wapsipinicon  and  the  Iowa. 

Naturally  those  townships  where  the  lowan  drift  prevails  are 
not  so  well  drained  as  are  those  near  the  rivers.  But  nowhere 
are  well  established  stream  courses  so  remote  that  excessive 
surface  waters  may  not  be  taken  care  of  readily  by  artificial 
drainage. 

«  GBOIiOGICAL  FORMATIONS. 
General  Relations  of  Strata. 

The  geological  formations  in  J51ack  Hawk  county  are  few  and 
comparatively  simple  in  their  manifestations.  Heavy  deposits 
of  drift  conceal  the  indurated  rocks  in  the  northeastern  and 
southwestern  parts  of  the  county.  The  rock  exposures  are 
mainly  along  the  margins  of  the  valley  of  the  Cedar  or  outcrop 
in  the  banks  of  the  lower  courses  of  its  tributaries  where  they 
have  cut  their  beds  in  order  to  reach  the  level  of  the  main  stream. 
The  valley  of  Spring  creek  aifords  an  exception  as  has  been 
stated  already,  since  rock  is  found  throughout  two-thirds  of  its 
course,  the  drift  being  thin  and  not  concealing  the  erosive  effects 
of  the  preglacial  activities  of  this  stream.  Only  rarely  does 
indurated  rock  appear  at  the  surface  apart  from  the  water 
courses. 

In  many  exposures  no  fossils  appear,  or,  if  any  are  found,  they 
are  so  fragmentary  or  indistinct  as  to  render  very  little  assist- 
ance in  determining  the  relations  of  the  rocks  in  which  they 
occur.  Fortunately,  however,  the  frequent  and  widespread 
occurrence  of  the  lithographic  limestone,  the  lithological  features 
of  which  are  very  constant  and  easily  recognizable,  makes  it 
possible  to  fix  the  horizon  in  many  instances  where  other  means 
are  wanting  entirely. 
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The  indurated  rock  belongs  wholly  to  the  Devonian  system  so 
far  as  is  known,  though  it  is  quite  probable  from  the  trend  of 
the  eastern  border  of  the  Carboniferous  as  revealed  elsewhere  in 
the  state,  that  rock  of  that  system  underlies  the  thick  glacial 
deposits  of  the  southwestern  corner  of  the  coimty.  No  material 
from  the  wells  that  have  penetrated  the  rock  of  that  region  has 
been  accessible,  however,  and  therefore  the  Carboniferous  ap- 
pears only  hypothetically  in  the  table  introduced  below  to  show 
the  taxonomic  relations  of  the  strata  in  Black  Hawk  county. 

TABLE  OP  FORMATIONS. 


f 

GROUP 

SYSTEM 

SBBIBS. 

STAGE 

Pleistocene 

Recent 

Aeolian 

AlluviPl 

Cenozoic 

Glacial 

Loess 

lowan 

Buchanan  Gravel 

Kansan 

Carboniferous? 

Mississippian  ? 

Middle 

Devonian 

Kinderhook? 

Paltrozoic 

Devonian 

Cedar  Valley 

WapsipinicoD 

DEVONIAN  SYSTEM. 

WAPSIPINICON   STAGE. 

The  only  definite,  satisfactory  exposure  of  rock  observed 
belonging  to  this  stage  is  a  natural  outcropping  in  the  bed  and 
slope  of  the  bank  of  a  small  tributary  of  Spring  creek  in  the 
northwest  quarter  of  section  13,  Fox  townsliip.  It  represents 
the  uppermost  part  of  this  stage,  the  Spirifer  pennatus  beds. 
No  section  could  be  made  as  the  exposures  along  the  hillside 
were  interrupted  by  deposits  of  soil.  But  a  few  feet  above  the 
stream  bed,  in  the  flat,  rock  surface  of  which  fossil  corals  and 
brachiopods  were  quite  abundant,  were  the  Spirifer  pennatus 
beds  composed  of  the  soft,  light  gray  limestones  so  often  referred 
to  by  Calvin.  The  fossils  obtained  here  were  Cyrtina  hamil- 
tonensis  Hall,  Spirifer  pennatus  Owen,  S.  himesialis  Hall, 
Atrypa  reticularis  Lin.,  fine  ribbed  variety,  A.  aspera  Schloth. 
and  Paracyclas  sp.  In  the  road  eight  or  ten  feet  above  these 
beds,  Acervularia  profunda,  one  or  more  species  of  Favosites, 
Cyathophyllum  and  Zaphrentis  occur.     Evidently  this  is  the 
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Acervularia  profunda  zone,  the  lowest  member  of  the  Cedar 
Valley  stage.  As  stone  appears  occasionally  in  the  road  surface 
at  several  points  in  this  neighborhood,  a  closer  survey  of  it, 
possibly  would  reveal  other  outcrops  of  the  Spirifer  pennatus 
beds. 

CEDAR  VALLEY  STAGE. 

The  lowest  member  of  the  Cedar  Valley  stage  of  the  Iowa 
Devoniail,  the  Acervularia  profunda  zone,  is  well  represented 
in  a  quarry  in  the  southeast  quarter  of  section  25,  Waterloo 
township. 

The  following  section  is  shown : 

FEET      INCHES 

7.     Sandy  soil 5 

6.     Geest  with  mingled  fragments  of  limestone 4        6 

5.     Shaly  parting  containing    unusually    large    specimens    of 

coarse-ribbed  Airypa  reticularis 2 

4.     Thin,    irregularly    bedded,    buff    limestone    with     much 

mingled  residual  earth,  all  highly  ferruginous 4        6 

3.  Soft,  drab  to  buff,  earthy  limestone  with  a  more  or  less 
well  dcfind  parting  three  feet  from  its  lower  limit. 
The  upper  three  and  one-half  feet  crowded  with  Acerv- 
u/aria  profunda,  a  species  of  Favosites,  Cladopora 
magna,  C.  palmatay  Cystiphyllum  sp. ,  Zaphren- 
tis    sp.  small  branching  corals,  and  a   few  brachiopods, 

all  weathered  and  iron-stained 7 

2.     Shaly  parting 2 

1.  Soft,  gt ay  limestone  with  a  narrow  shaly  parting  near  the 
middle ^ 4 

A  few  rods  farther  eastward  is  another  quarry  affording  a 
similar  section.  The  stone  is  a  little  firmer  in  texture,  and  the 
beds  have  been  exposed  some  two  feet  below  the  floor  level  of 
the  former,  without  revealing  anything  of  added  interest,  how- 
ever. For  many  rods  west  of  these  quarries  is  a  strip  of  waste 
ground  grown  up  to  weeds  and  bushes  and  showing  scarcely 
a  trade  of  rock  in  place,  but  from  which  stone  has  been  taken 
until  recently  during  nearly  all  of  the  years  since  the  first  set- 
tlement of  Waterloo.  It  is  a  fossil  coral  reef  and  has  been 
very  rich  not  only  in  corals,  but  in  brachiopods  and  other  forms 
of  Devonian  life.  Ever  since  the  visits  of  St.  John  and  Whit- 
field, its  reputation  has  attracted  geologists  and  curiosity  seek- 
ers, and  it  may  be  looked  upon  almost  as  classic  ground  to  the 
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geologist.  Whitfield's  list  of  fossils  gathered  here  and  in  the 
immediate  vicinity  is  a  surprisingly  large  one  and  as  a  matter  of 
common  interest  is  quoted  below  from  the  23d  Annual  Report.* 

''Among  the  most  common  forms  at  this  place  are  Stromato- 
pora  erratica  of  this  paper,  Acervularia  Davidsoni,  A.  profunda, 
Favosites  sp.,  like  F.  polymorpha,  Cystiphyllum  Americanum, 
C.  n.  sp.,  *Zaphrentis  gigantea,  Ohonophyllum  sp.  apparently 
the  same  one  as  in  the  Upper  Helderberg  of  New  York,  and  at 
the  Falls  of  the  OhiOjAmplexus  Yandelli,  Streptelasma  n.  sp., 
Aulacophyllum  sulcatinum,  Syringopora  sp.  having  large  cells, 
three  species  of  Cladopora,  two  species  of  Aulopora,  one  very 
large.  Of  the  brachiopoda  we  find  the  following;  *Spirifer 
euruteines,  *S.  oweni,  *S.  manni,  S,  suhvaricosa  n.  sp.,  S.  pennor 
tus  only  one  individual,  Cyrtina  HamUtonensis,  Atrypa  reticvr 
laris,  A.  n.  sp.,  Pentamerella  arata,  *P.  obsolescens,  Gypidula 
laeviuscula,  Rensselaeria  johanni,  Terebratula  romingeri,  *T. 
elia,  *T.  jucunda.  There  are  also  several  forms  of  fish  teeth 
known  to  occur  in  these  same  beds. ' ' 

Those  of  this  list  marked  with  an  asterisk  are  species  which 
according  to  Calvin  do  not  occur  in  this  county.  A  considerable 
number  of  others  have  not  been  recognized  for  this  report, 
though  a  more  diligent  search  might  have  revealed  them.  Un- 
doubtedly the  present  quarry  is  not  as  rich  in  variety  of  forms 
as  were  the  earlier  ones. 

In  the  report  referred  to  above,  WHiitfield  referred  these  beds 
to  the  Corniferous  of  New  York.  The  error  into  which  he 
fell  in  attempting  to  correlate  the  Devonian  limestones  of  Iowa 
with  those  of  New  York  is  well  set  forth  by  Calvin  in  his  report 
on  Buchanan  county.  His  language  was  quoted  under  the  head 
'^Previous  Geological  Work"  and  need  not  be  repeated  here. 

In  the  southeast  quarter  of  section  24,  East  Waterloo  .town- 
ship, in  the  east  angle  between  the  track  of  the  Chicago  Great 
Western  railroad  and  the  track  of  the  Illinois  Central  railroad 
running  to  the  machine  shops,  is  a  pit-like  quarry  of  the  Acer- 
vularia zone,  but  ranging  a  little  higher  than  the  West  Waterloo 
quarry. 

*23rd  Ann.  Rept..  N.  Y   State  Cab. ,  Nat.  Hist.,  p.  223,  et  seq.  Albany,  1873. 
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If  Calvin ^s  section  at  Littleton,  Buchanan  county*,  be  taken 
as  a  standard,  the  section  at  West  Waterloo  seems  to  correspend 
to  the  Acervularia  zone  numbers  1  to  4,  while  the  East  Waterloo 
quarry  seems  to  include  numbers  5  to  7.  In  the  latter  the  rock 
is  firmer  in  texture  and  much  less  ferruginous.  No  good  oppor- 
tunity of  examining  the  quarry  has  occurred  and  no  section  was 
made.  Careful  study  might  change  the  estimate  of  its  relations 
to  the  West  Waterloo  quarry. 

In  the  northeast  quarter  of  section  1  of  Barclay  township, 
very  near  the  county  line,  is  the  only  rock  exposure  in  all  the 
northeastern  part  of  the  county.  Some  fifteen  or  twenty  years 
ago  Mr.  Purtell  operated  a  small  quarry  here,  but  since  its  aban- 
donment the  loose  earth  has  covered  most  of  the  quarry  face, 
and  bushes  springing  up  have  completed  the  effacement  of  the 
quarryman's  work.  The  upper  rock  is  a  soft,  yellow,  argilla- 
ceous limestone,  thin  and  irregularly  bedded,  below  which  is  a 
harder,  lighter  colored  rock  somewhat  crystalline  and  more 
iieavily  bedded.  This  exposure  is  in  the  edge  of  a  low  bluff 
rising  above  the  narrow  valley  of  the  Wapsipinicon  river,  and 
is  within  three  miles  of  an  outcropping  in  the  bluffs  on  the 
opposite  side  of  this  river  in  Buchanan  county.  From  the  mea- 
ger data  obtainable  it  may  be  inferred  with  reasonable  assurance 
that  the  rock  here  is  the  same  as  that  of  the  upper  part  of  num- 
ber 2  in  the  section  ''along  the  river  bluff  a  short  distance  above 
Littleton ''f  made  by  Calvin  and  said  by  him  to  lie  ''above  the 
beds  described  in  the  section  below  the  mill  at  Littleton."  On 
the  same  page  Calvin  incidentally  remarks  "that  this  is  the  level 
of  the  quarry  stone  at  RajTnond,  in  Black  Hawk  county''.  The 
quarr}^  here  referred  to  is  in  the  southeast  quarter  of  sectioi^ 
36,  township  88  N.,  E.  12  W.,  not  more  than  half  a  mile  east  of 
Raymond  station,  and  affords  at  the  present  time  the  following 
section : 

FBET.     IN0HB8. 

9.     Residaal  soil  with  many  rock  fragments 1        6 

8.  Drab,  compact  layer,  breaking  with  a  suggestion  of  litho- 
graphic stone 2        6 

7.     Hard,  brittle  finely  crystalline  bed,  gray  on   fracture,    but 

yellow  where  exposed 1        6 

6.  Thin  layers  of  limestone  similar  to  numbers  3  and  5,  but 
softer,  weathering  more  readily,  becoming  thinner  above 
and  more  jointed  below  (thickness  not  determined). 

*CalYin:  lowaGeol.  Surv..  Vol.  VIII,  pp.  282-233, 1897. 
tOalYin:  lowaGeol.  Surv.,  Vol.  VIII, p.  234. 
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5.     Rock  similar  to  number   3,    but    with    flattish,    irregvlar 
cherty  nodules  many  geode  like  (thickness  not  determined) 

4.  Fragile  and  very  fissile  rock 3 

3.  Soft,  yellowish-gray,  heavy  bedded  ruck 3 

2.  Beds  everywhere  buried  in  quarry  debris 10 

1.  Quarry  floor    containing    worn    valves    of    Strophiodonta 

demwa  everywhere  over  the  surface,  also  a  Spirifer, 
probably  5.  parryanus,  Atrypa  reticularis^  Cladopora 
stems,  etc. 

Nos.  5  and  6  represent  a  thickness  of  several  feet,  but  it 
was  not  exactly  determined.  It  would  seem  that  number  1 
represents  number  8  of  Calvin's  section  below  the  mill  dam  at 
Littleton,  and  liis  number  1  in  the  section  along  the  bluflf  above 
Littleton,  while  the  other  members  correspond  in  part  to 
number  2  of  the  same  section,  judging  from  their  superposition 
and  lithological  character.  They  are  entirely  unfossiliferous 
so  far  as  could  be  observed. 

Within  one-half  mile  northwest  of  the  last  is  another  small 
quarry  in  which  all  the  rock  is  quite  similar,  yellowish  in  color 
and  barren  of  fossils.  The  lower  three  and  one-half  feet  were 
much  jointed  while  the  rock  above  was  so  free  from  joints  as 
to  form  a  roof,  overhanging  in  one  place  fully  six  feet.  It  cor- 
responds to  the  upper  part  of  number  2  mentioned  above. 

About  one  mile  south  of  Raymond  on  the  east  side  of  the  road 
where  a  small  creek  had  worn  its  bed  into  the  weak  rock,  a 
section  was  obtained  as  follows : 

FBBT    INCHB8 

5.  Black  loam 1 

4.  A  meager  trace  of  Buchanan  gravel 

3.  Clay  much  like  Kansan  till 6 

2.  Geest  with  limestone  layers  more  or  less   well  defined  in 

lower  part 3        4 

1.  Buff  limestone,  soft  below  with  a  thin,  cherty  layer,  above 
which  the  rock  contains  calcitic  nodules  and  Stropheo- 
danta  demissa  as  in  the  floor  of  the  Raymond  quarry, 
above  the  creek  bed S 

In  the  northwest  quarter  of  section  14,  East  Waterloo  town- 
ship near  the  track  of  the  Illinois  Central  railroad  and  a  little 
above  it  is  the  Bartlett  quarry,  operated  by  the  Waterloo  Stone 
Company.     The  beds  are  unfossiliferous  for  the  most  part.    A 
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few  crinoid  stem  fragments,  a  few  specimens  oiAtrypa  reticu- 
laris, coarse  ribbed  type,  other  fragmentary  and  indistinct 
forms,  and  an  excellent  specimen  of  the  jaw  and  teeth  of  the 
ganoid  fish,  Onychodus  sigmoides,  have  been  found  here  (Fig. 
48).     The  section  shows  the  following: 


FBBT 

lowan   drift 6 

Geest,  incltiding  stony  fragments 4 

Firm .  drab  limMtone  of  somewhat    conchoicJal    fracture, 

freely  intersected  by  calcite  veins 1 

Soft  limestone,  the  upper  four  feet  of  which   is  irregularly 

bedded 6 

Limestone,  buff  where  weathered,    but  blue   on   fracture, 

quite  heavily  bedded    and    having    flinty    nodules    and 

pockets  of  calcite  im  the  upper  ei^ht  feet 10 

A  little  northeast  of  this  is  an  old  quarry  showing  a  similar 
section  but  with  some  slight  modifications  of  the  texture  of  some 
of  the  beds. 


5. 
4. 
3. 


1. 


Fisr.  48— Jaw  and  teeth  of  an  ancient  fish— Onychodus  sifirmoides— from  the 
Devonian  limestone. 

In  the  northeast  quarter  of  section  14  is  the  Morganton  quarry 
from  which  stone  of  good  quality  is  taken.     The  lowest  beds 
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have  numerous  oblique,  open  joints  in  which  deposits  of  a  beauti- 
ful buff  travertine  occur.  In  the  upper  part  is  a  firm,  drab 
rock  of  the  lithographic  type  and  which  is  the  same  as  number  5 
in  the  Bartlett  quarry.  This  bed  affords  the  best  stone  in  the 
quarry.  In  a  yellowish,  decomposing  shaly  limestone  three  feet 
above  this  bed  is  found  the  only  fossil,  an  Atrypa  very  much 
resembling  the  fine  ribbed  variety  of  A.  reticularis.  In  one  part 
of  the  quarry  this  bed  contains  many  large  concretions  which 
under  the  hammer  often  reveal  a  lining  of  unusually  fine  calcite 
crystals. 


Fifir.  49— Quarry  m  Uedar  VaUey  limestone.  Cedar  Falls. 

From  the  lithographic  features  and  from  the  order  of  super- 
position, as  compared  with  the  quarry  in  the  angle  of  the  railroad 
tracks  not  far  away,  it  is  judged  that  the  horizon  of  these  quar- 
ries is  the  same  as  that  of  the  quarry  stone  at  Raymond. 

In  the  road  two  and  one-half  miles  due  north  from  the  Bartlett 
quarry  is  an  outcropping  of  loose,  shaly  limestone  not  worthy 
of  notice  except  as  an  evidence  of  the  thinness  of  the  drift  in 
this  vicinity. 
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In  the  northeast  quarter  of  section  15,  township  89  N.,  range 
XII  W.,  a  small  quarry  has  been  worked  the  rock  in  which  is 
much  broken  up  by  oblique  joints  running  at  all  angles,  and  the 
bedding  planes  of  which  are  so  confused  as  to  render  tracing 
of  them  impossible.  Nowhere  in  the  county  is  found  better 
evidence  of  crushing  than  here.  The  exposure  represents  num- 
ber 1  of  the  Bartlett  quarry  and  possibly  a  part  of  number  2. 
Specimens  of  Atrypa  reticularis  appear  sparingly. 

In  and  around  Cedar  Falls  are  several  quarries.  One  of  these, 
file  Carpenter  quarry  (Fig.49),  has  furnished  a  large  quantity 
of  stone,  but  it  is  no  longer  operated  on  account  of  the  increasing 
cost  of  stripping,  the  work  having  advanced  well  into  the  high 
bluff.  It  is  located  a  few  rods  south  of  the  Dry  Run  wagon 
bridge  near  the  center  of  section  13,  Cedar  Falls  town?hip.  The 
following  section  appears: 

FBBT.     INOHBB. 

12.  Coarse,  ferruginous  Buchanan  gravel  overlain  by  lowan 
drift. 

11.  Tbin-bcdded,  fragmental  limestone  such  as  is  usually 
found  at  the  top  of  the  rock  exposures  in  the  county 
and  which  illustrates  well  the  effects  of  weathering, 
wherever  the  drift  is  thin.  The  stone  in  these  layers 
varies  considerably  from  top  to  bottom  as  if  originally 
they  made  up  several  distinct  beds.  Near  the  top  are 
numerous  small,  simple  stemmed  corals  and  good  spec- 
imens of  Idiostroma  gordiaceum  A .  Winchell 7 

10.     Thin,  shaly  parting. 

9.  Vesicular  limestone,  gray,  brittle,  the  small  cavities  yel- 
low lined 7 

8.     Limestone,  the  lower  half  of  which  is  in  one   layer,    the 

upper  in  very  many  thin  layers,  about 1        6 

7.     Shale  and  rock  intermingled   promiscuously,    the   layers 
manifest  in  placts  and  elsewhere   lost.      Color   varied; 
weathering  since  exposure,  in  a  weak,  earthy  rock   may 
account  for  the  peculiarly  varied  conditions  of  this  bed..  3      10 

6.     Hard,  brittle  rock  with  conchoidal  fracture;  yellowish. . .     1        6 

5 .     Greenish  shale 2 

4.  Limestone,  lower  half  compact  and  homogeneous,  but 
upper  half  much  checked  and  in  some  places  nodular 
to  such  an  extent  as  to  appear  like  a  conglomerate. 
Thickness  undetermined. 

3.  Shale,  in  three  layers,  (c)  green  shale  two  inches,  (b) 
whitish,  somewhat  indurated,  calcareous  shale  four 
inches,  (a)  green,  jointed  shale  twelve  inches 1        6 
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2.  LimestoDe  of  variable  appearance  and  texture.  In  gen- 
eral the  upper  half  is  a  soft,  yellowish,  earthy  rock, 
the  lower  a  hard,  dark  drab,  granular  rock.  In  some 
places  in  the  quarry  this  stone  is  in  three  or  four  layers, 
in  other  places  it  is  in  one  bed,  yet  everywhere  as  it 
nears  the  top  becoming  more  and  more  argillaceous 
until  it  blends  with  number  3 2 

1.  Variable  bed,  mostly  firm  in  texture,  drab  below,  yellow- 
ish and  somewhat  jointed  and  vesicular  above.  The 
line  between  the  several  layers  everywhere  markedly 
wavy 5 

Variability  is  the  most  striking  feature  of  this  quarry.  Fos- 
sils are  absent  everywhere  except  in  number  11,  and,  since 
these  are  in  the  beds  that  have  been  most  affected  by  the  agents 
of  disintegration,  they  are  generally  imperfect.  A  few  small 
colonies  of  Idiostroma  have  been  well  preserved,  though  deeply 
stained.  Their  presence  is  the  only  guide  to  the  proper  hori- 
zon of  this  exposure  other  than  its  position  relative  to  the  quar- 
ries of  Waterloo.  The  Idiostroma  horizon  is  just  below  the 
lithographic  beds,  and  though  the  lithographic  limestone  is  not 
well  developed  anj^iere  in  Cedar  Falls,  it  is  found  beyond  ques- 
fxon  in  a  natural  exposure  in  the  bank  of  Dry  Run  one-half  mile 
farther  southwest.  A  few  rods  farther  up  the  creek  bed  the 
stream  has  eaten  into  the  bank,  exposing  a  section  of  some  inter- 
est. In  the  stream  bed  is  a  thin,  whitish  layer  having  over 
its  surface  many  stems  of  the  small  coral  found  in  number  31 
of  the  Carpenter  q,uarry,  the  rock,  ringing  clearly  under  the 
hcimmer  and  breaking  freely  with  conchoidal  fracture,  j)romptly 
suggesting  its  relationship  to  the  lithographic  limestone.  Above 
tliis  are  many  tliin  layers,  much  jointed  obliquely  and  vertically, 
usually  lithographic  in  character,  but  evidently  undergoing 
change  by  exposure.  Near  the  top  the  coral  stems  appear  again, 
and  six  inches  below  these  are  imperfect  casts  of  Newherria 
jnliannis  Hall,  the  only  brachiopod  foimd  in  the  rocks  at  Cedar 
Falls.  A  slight  fold  is  evident  in  this  rock.  Four  or  five  rods 
south  is  a  quarry  owned  by  Mr.  C.  A.  Round,  The  floor  of  this 
qimrry  is  verj^  uneven  showing  marked  unconformity  with  th? 
beds  above.    A  section  represents  the  following: 

FEET.     INOHBB. 

13.     Thin  layers  of  rock  for  the  greater   part    lithographic    in 

character 4 

12.     Light  gray,  earthy  rock  in  about  seven  layers 9 
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11.     Fissile,  earthy  limestone,  having  a  narrow  granular  band 

midway 4        8 

10.     Excellent  lithographic  bed  in  two  layers 2 

9 .  Bed  in  two  layers,  the  npper  containing  many  small 
masses  of  Stromatopora  two  or  three  inches  in  diameter, 
much  weathered  upon   the  outside,    but   usually  very 

compact  and  hard  within 8 

8.  Granular  rock,  with  pockets  of  calcite,  the  upper  three 
inches  shaly  and    nodular.     Partings    occur,    but    not 

continuously,  or  uniformly    2       5 

7.     Shaly  partings 1 

6.     Earthy  roek,  upper  part  more  calcareous  and   firm,    with 

pockets  of  calcite 11 

5.     Shaly  parting 1 

4.     Gray  limestone  in  numerous  layers,    becoming  yellowish 

and  earthy  in  places  2 

3.     Shaly  parting 1 

2.     Heavy-bedded  limestone,  gray  to  white,  with  rusty  spots, 
granular  and  firm  where  gray,  but  earthy  where  white, 
in  two  beds  with  a  shaly  parting  of  five  inches  between.  4 
1.     A  fairly  good  quality  of  limestone,   lithographic  in  char- 
acter, in  three  layers  1        3 

111  number  13  occur  the  coral  stems  referred  to  elsewhere. 
Stromatopora  is  abundant  in  places.  Overlying  the  loose  rock  at 
U\e  top  of  number  13  is  about  sixteen  inches  of  Buchanan  gravel 
and  above  this,  three  feet  of  sandy  loam.  Midway  between 
the  Round  and  the  Carpenter  quarries  is  a  ((uarry  belonging 
to  the  Harris  and  Cole  Company.  The  rock  here  is  softer,  joints 
are  wide,  oftentimes  filled  with  geest;  small  cavernous  openings 
are  not  uncommon.  Here  were  found  a  few  massive  stromato- 
poroids,  and  also  a  few^  colonies  of  Idiostroma  among  the  weath- 
ered rock  fragments  in  the  eastern  edge  of  the  ciuarry  and  a 
single  specimen  of  Straparollus  cyclostomus.  Lithographic 
features  are  not  very  manifest.  Some  layers  are  beautifully 
ornamented  with  dendrites,  and  in  the  creek  bed  near,  at  the 
same  horizon  as  the  upper  layers  of  the  quarry,  are  slab's  con- 
taining numerous  mud  cracks. 

A  few  rods  northeast  of  the  Carpenter  ([uarry,  between  the 
Rapid  Transit  track  and  Dry  Run,  is  a  small  quarry  belonging 
to  Mr.  N.  Olson,  the  floor  of  which  is  a  little  lower  tlian  that  of 
the  Carpenter  quarry.     A  section  is  here  given: 


480  GEOLOGY  OF  BLACK   HAWK  COUNTY. 

FBBT.     INCHES 

14.  lowan  drift 2 

13.  Buchanan  g^ravel,  lower   part    highly    oxidized,    coarse. 

upper  part  less  ferruginous,  stratified,    some    layers    a 

fine  sand,  uppermost  layers  much  reddened  10 

12.     Jointed,  geest- like  clay,  the  base  of  which  is  red-brown, 

the  rest  yellow 6 

11.     Derk  drab,  crystalline  rock S 

10.     More  or  less   indurated   shale 1        9 

9.     A  bed  whose  upper  half  is  less  compact  and  uniform  than 

the  lower 2        4 

8.     Green  shale 1        8 

7.  Soft  rock,  whitish,  saccharuidal .  deteriorating  upwards.  2 
6.  Very  dark  drab  rock,  compact  and  smooth  on  fracture...  1 
5.     Light  gray  rock ,  soft  and  in   two  layers,    having   much 

calcite  finely  distributed  throughout 1        6 

4.     Rock  very  much  like  number  1 8 

3.     Soft,  shelly,  mud  colored  limestone 1 

2 .     Dark  drab ,  finely  saccharoidal   limestone 1 

1.     Dark  drab,  finely  saccharoidal   limestone,    thickness   not 

ascertained. 

There  is  little  in  common  between  this  and  the  other  quarries 
of  Cedar  Falls  in  the  lithological  character  of  the  rock  excepting 
in  a  general  way.  The  horizon  is  believed  to  be  in  part  the 
same.  The  lower  eight  feet  of  this  quarry  appear  to  lie  below  the 
floor  of  the  Carpenter  quarry.    No  fossils  were  recognized. 

About  one-eighth  of  a  mile  west  of  the  Carpenter  quarry,  and 
also  west  of  Main  street,  is  J.  Nielson's  quarry  which  affords 
the  following  section: 

FEET.     INCHES. 

18.  Firm,  yellowish  stone  with  intermingled  geest,  not  con- 
tinuous throughout 3 

17.  Lithographic  limestone,  somewhat  nodular,  more  or  less 
weathered  and  inconstant 2 

16.     Yellowish  clay  shale,  with   interbedded   stone   in  places, 

very  variable  in  thickness,  averaging  1        4 

15.  Limestone  in  three  layers,  (a)   finely   laminated,    slightly 

iron-stained,  six  inches,  (b)  like  (a)  but  lighter  in  color, 
two  inches,  (c)  gray,  fine-grained,  smooth,  often 
weathering  oddly  near  seams,  makes  good  lime,  aver- 
aging   1        6 

14.  A  variable  stone,  sometimes  splitting  easily  into   layers, 

sometimes  firm  and  even  textured,  finely  crystalline, 
with  earthy  streaks,  rusty  in  patches,  crystals  in  pockets 
and  calcitic  sheets  intersecting  one  another  and  thus, 
being  more  resistant  than  the  amorphous  portion,  mak- 
ing pitlike  areas  along  the  joint  planes,  averaging 1 
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13.  Fine-grained,  bluish-gray  limestone  with  occasional 
patches  of  crystals,  quarried  in   sheets,    and    used    for 

window  and  door  sills  and  caps,  and  ashlar 10 

12.     Bluish- gray  stone  of  good    quality,   earthy  at   the   lower 

surface 5 

11.     Shaly  parting 1 

10.  Gray,  finely  brecciated  limestone,  with  seams  of  crystals 
below,  upper  part  yellowish,  earthy.  If  quarried  in  cold 
weather,  it  is  reduced  to  fragments  readily,  but,  if  dried 

out  before  freezing,  it  makes  a  durable  stone 9 

9-     Firm,  fine-grained,  bluish-gray  limestone  with  occasional 
pockets  of  crystals,  in  two  layers.     Makes  an   excellent 

range  stone.    The  lower  layers  yield  fine  large  flags 1 

8.     Uniformly  fine-grained  limestone,  yielding  flags 7 

7.     Reavy-bedded  limestone,  shelly  on  the  under  side,  abound- 
ing in  crystals,  bluish-gray 1        4 

6.     Fine-grained  limestone  more  or  less  streaked  or  banded..  9 

S,     Like  number  6 11 

4.     Lighter  colored  stone,  with  a   possible  parting   in    upper 

part  along  an  irregular  line 9 

3.     Stone  still  lighter  in  color  than  number  four,  which  often 
washes  out  in  a  remarkable  way,  yet  makes   a    durable 

stone  once  it  has  been  dried  out 9 

2.     Yellowish  stone,  full  of  pockets 1 

1.     Soft,  chalky  stone 

Numbers  1  and  2  are  no  longer  quarried,  not  comparing  favor- 
ably in  value  with  the  other  beds.  Numbers  3  and  1  are  the 
same  beds  found  under  the  open  channel  of  Dry  Run  and  which 
everywhere  have  extensive,  tortuous  canals  dissolved  out  and 
worn  away  by  attrition,  making  it  possible  for  the  water  in  the 
upper  course  of  Dry  Run  to  disappear  f I'om  the  surface  channel 
in  the  lower  course  excepting  in  times  of  flooding. 

North  and  northwest  of  Cedar  Falls  are  a  few  rock  exposures, 
all  of  limited  extent.  The  horizon  is  about  the  same  in  every 
instance,  it  being  that  of  the  Siromatoporas  and  lithographic 
limestone.  In  Union  township  just  east  of  Finchford  is  Beatty's 
quarry.  It  is  shallow,  and  little  fresh  exposure  appears. 
Four  feet  of  rock  was  noted.  It  is  irregularly  bedded,  much 
jointed,  finely  granular,  grayish  on  fracture,  but  yellowish  on 
the  surface,  iron-stained  in  places,  rough,  the  upper  layers  be- 
coming mere  fragments  in  the  geest.  Some  of  these  fragments 
were  somewhat  spherical  stroniatoporiods  with  lamina?  in  very 
irregular  wavy  lines,  and  where  broken  the  planes  were  thickly 
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tubereled.  Others  woro  masses  of  small  c»y1hiders,  rarely  branch- 
ing, running  at  various  angles  but  incorporated  together,  stro- 
matoporoid  in  structure,  the  stem  always  rising  above  the  plane 
of  the  matrix  wherever  exposed.  Immediately  above  the  geest 
were  six  inches  of  Buchanan  gravel.  In  the  road  one-half  mile 
east  and  at  a  little  greater  elevation  the  rock  is  of  a  decidedly 
lithograi)hic  type  in  some  layers.  The  dendroidal  Stromato- 
poras  were  here,  together  with  a  few  Cladopora  stems. 

Tn  the  northeast  quarter  of  section  5,  Union  township,  twenty- 
five  or  thirty  feet  above  the  water  of  West  Fork,  is  a  hard, 
brittle,  yellow  rock.  It  has  many  crinoid  stems,  a  few  cya- 
thophylloid  corals,  often  weathered  to  the  merest  skeleton  out- 
line, brachiopods  and  traces  of  other  fossil  forms,  embossed 
thickly  over  the  surface,  givhig  it  a  strangely  harsh  feel.  The 
crinoid  stems  interpenetrate  the  rock  at  right  angles  to  the  bed- 
ding planes,  as  if  the  calcareous  mud  had  filled  about  them  while 
still  in  situ.  Below  two  feet  of  this  are  three  feet  of  limestone, 
whitish  where  exposed,  but  gray  within.  Dendroidal  Stromato- 
poras  plentifully  emboss  the  surface,  and  sometimes  make  up 
nearly  the  whole  substance  of  the  rock  .  Where  organic  struct- 
ure is  not  ai)parent  the  rock  is  lithographic  in  character,  but 
very  seamy  and  readily  w^eathers  into  small  irregular  fragments 
rendering  it  unfit  for  any  economic  i)urpose.  Tn  a  channel  cut 
by  a  small  stream  were  loose  pieces  of  lithographic  stone,  but 
such  rock  was  nowhere  found  in  place.  The  fossils  here  would 
indicate  that  the  dendroidal  Stromatoporas  were  below  the  mas- 
sive, laminated  ones,  and  the  crinoidal  layers  were  above  them. 

One-half  mile  south  of  Winslow  station  a  small  (piarry  has 
been  opened.  The  floor  is  about  ten  feet  above  the  river,  and 
about  nine  feet  of  rock  in  vertical  section  is  shown.  Tiie  rock 
is  mostly  in  thin  layers,  often  earthy,  unfossiliferous.  A  few 
Stromatoporas  were  loose  in  the  debris  of  the  (juarry  floor,  but 

none  w^ere  found  in  place. 

The  only  rock  noted  in  Washington  township  was  at  a  point 
a  little  north  of  P.  Negley's  residence,  in  the  southeast  ([uarter 
of  section  10.  Years  ago  some  rock  had  been  removed  from  an 
outcrop  in  a  low  bank,  but  loose  soil  and  vegetation  have  healed 
the  scar  so  nearly  that  little  could  be  observed.  Stromatoporoids 
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were  found.  These  and  the  lithological  character  of  the  rock 
fragments  unite  in  confirming  the  evidence  gained  from  the  topo- 
graphic relations  that  the  horizon  is  the  same  as  that  of  tne 
exposure  in  Union  township. 

Along  the  western  side  of  Mt.  Vernon  township  are  two  old 
quarries  from  which  have  been  taken  a  good  iiuality  of  stone  for 
local  purposes.  One  is  in  section  18.  No  fossils  were  found  hero 
and  the  lithological  character  of  the  stone  gives  little  clue  to  the 
horizon.  In  a  small  creek  bed  near  by,  a  gray,  firm,  finely  gran- 
ular stone  occurs,  one  bed  of  which  by  weathering  develops  an 
edge  showing  numerous  lamina*  with  many  minute  pores,  as  if 
it  were  stroma toporoidal  in  structure,  but  a  fresh  surface  gives 
no  proof  of  such  a  structure  unless  faint,  yellow  lines  near  to- 
gether and  parallel,  may  be  so  regarded.  The  other  quarry  is  in 
section  30.  Much  of  the  rock  in  place  here  was  under  water  at 
the  time  it  was  visited.  A  specimen  picked  up  at  random  is 
gray,  firm,  granular  and  effervesces  reluctantly  with  cold  acid. 
Traces  of  iron  oxide  are  everywhere  diffused  throughout  the 
stone.  The  behavior  with  acid  is  unusual  with  limestone 
in  this  county.  Another  specimen  is  of  the  concretionary 
lithographic  type. 

In  the  southwest  (luarter  of  section  36,  township  87  N.,  rango 
XII  W.,  is  the  Buclian  quarry  showing  the  following  section : 

FEET.     INCHES 

2.  Limestone,  full  of  seams  and  joints,  so  uncertain  as  to 
make  any  attempt  at  tracinji:  of  beds  unprofitable.  In 
the  lower  part  occurs  Acervularia.  a  cyathophylloid 
coral  and  Cladopora  prolifera,  A  Favosites  is  dimly  ap- 
parent in  places 8 

1.  Limestone,  chiefly  dark  drab,  but  bluish  in  upper  part, 
sometimes  granular,  with  calcite  crystals  in terspread,  at 
times  making  fine  specimens  of  dog-tooth  spar.  The  first 
five  feet  develop  three  or  even  four  layers,  but  in  the 
upper  portion  layers  are  uncertain .  The  quality  of  the 
stone  In  this  quarry  is  variable.  It  is  soft,  earthy  and 
much  broken  in  some  beds,  firm  and  comparatively  free 
from  joints  in  others 15        6 

In  the  southwest  comer  of  section  25,  on  land  owned  by  J. 
Robertson,  is  a  quarry  from  which  much  good  stone  has  been 
taken.  The  floor  of  this  quarry  is  clearly  exposed  over  twenty- 
five  or  thirty  square  rods  and  shows  a  decided  dip  to  the  south- 
east.    For  thirteen  feet  above  the  base  of  the  quarry  is  a  lime- 
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stone  in  about  eight  layers.  A  thin,  shaly  parting  separates  the 
fourth  and  fifth  layers.  The  beds  below  this  are  blue  on  fresh 
faces,  yellow  or  brown  in  the  seams.  All  show  numerous  and 
sometimes  large  pockets  of  dogtooth  spar  or  solid  masses  of 
calcite.  The  upper  beds  are  buflf,  ironstained  along  seams.  Par- 
allel, yellowish-brown  streaks  run  persistently  through   some 


Fifir>  50— Quarry  in  Cedar  Valley  limestone,  near  La  Porte. 


layers.  The  uppermost  layer  bears  favosite,  cup  and  acervula- 
riai}  corals,  not  in  as  good  condition  as  in  the  West  Waterloo 
quarry,  but  the  stone  is  of  better  grade.  A  single  specimen  of 
Atrypa  reticularis  was  found  here.     Above  this  layer  are  thin 
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layers  of  butf  limestone,  becoming  thinner  and  more  irregular 
toward  the  top  and  ending  with  a  thin  layer  of  chert  in  nodular 
masses,  or  in  angular  fragments. 

In  the  northeast  quarter  of  section  35,  is  a  quarry  belonging  to 
A,  K.  Longaker  (Fig.  50)  which  shows  a  section  as  follows: 

FEET      INCHES. 

6.     Top  soil  with  a  few  limestone  fragments.    . 4 

5 .     Soft ,  light  gray  stone ,  much  broken .  2 

4.  Soft,  buff  stone  with  cherty  nodules.  The  chert  more 
dominant  and  the  calcareous  matrix  softer  as  the  upper 

layers  are  reached 2        6 

3.     Rock  similar  to  number  4,  but  with  less  chert 1        6 

2.     Cherty  layer,  loose  angular  fragments,  white  or  rusty  brown  4 

1.  Soft,  buff  stone,  heavy-bedded,  with  joints  running  at 
various  oblique  angles  with  exposed  faces,  red-brown 
and  with  yellowish-brown  s^.reaks,  usually  parallel  with 
the  bedding  planes,  but  sometimes  wavy  and  even  in 
concentric  lines.  Stone  similar  to  this  is  found  in 
Mitchell,  Howard  and  other  counties,  but  in  this  quarry 
some  layers  have  an  unusual  development,  making  a 
very  attractive  appearance,  about 4 

The  floor  of  this  quarry  consists  of  a  stone  similar  to  number 
1.  No  fossils  were  seen.  The  whole  section  is  above  the  Acer- 
viilaria  bed  of  the  Robertson  quarry,  the  cherty  layers  at  the  top 
of  the  latter  being  the  equivalent  of  number  2  in  this  quarry. 
The  equivalent  of  the  heavy  beds  of  number  1,  being  near  the 
top  in  the  Rol)ertson  quarry,  are  tliin-bedded  and  otherwise 
affected  l)y  their  nearness  to  the  surface. 

In  the  northwest  quarter  of  the  northwest  quarter  of  section 
20,  Spring  Creek  township,  in  the  bluff  rising  from  the  river 
plain,  is  the  Camp  quarry  from  which  considerable  quantities 
ol  a  good  grade  of  stone  have  been  taken,  although  no  quarrying 
has  been  done  here  for  some  time.  The  stone  is  quite  heavily 
bedded.  The  lower  two  and  upper  six  feet  are  lithographic  in 
character.  These  beds  are  known  locally  as  limestone,  while 
the  intervening  eight  feet  which  are  granular  in  texture,  are 
called  sandstone  by  the  local  observers.  These  upper  beds  are 
much  jointed,  especially  in  the  higher  layers,  where  they  arc 
yielding  more  or  less  to  weathering  influences,  while  the 
lower  beds  bear  numerous  calcitic  patches  in  a  gray, 
soft    limestone.       A    quarter    of    a    mile     northwest     is     a 
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quarry  owned  by  C.  R.  Harmon.  The  lower  layer  is 
a  gray,  soft  stone  with  ealcitic  blotches  and  lines  every- 
where thronghout  it.  This  bed  is  the  equivalent  of  the  beds 
in  the  Camp  quarry  lying  immediately  above  the  lower  litho- 
graphic bed.  Above  this  are  seven  feet  of  rock,  gray  below  and 
buff  above,  the  latter  part  being  much  jointed  and  somewhat 
weathered,  thus  very  much  resembling  the  similarly  situated 
beds  of  the  Camp  quarry.  No  fossils  were  found  in  the  last 
named,  only  the  edges  of  the  stone  being  exposed,  but  in  the 
Harmon  quarry  this  upper  bed  has  Atrypa  reticularis  in  it.  A 
quarter  of  a  mile  still  farther  northwest  is  a  small  quarry  where 
the  same  beds  are  exposed.     Atrypa  occurs  here  also. 

In  the  valley  of  Indian  creek,  one  mile  above  its  junction  with 
the  Cedar,  the  lithographic  l)eds  are  found  in  a  natural  outcrop. 
Loose  blocks  of  this  stone  were  observed  in  a  roadside  ditch  one 
mile  north  of  Gilbertville.  They  had  the  peculiar  whitish  color 
of  tliis  rock  when  weathered  and  evidently  had  been  washed 
out  of  the  geest  so  often  found  overlying  a  firmer  rock,  when 
near  the  surface. 

In  the  southwest  quarter  of  section  11,  township  88  N.,  range 
XI [  W.,  a  small  quarry  very  nearly  duplicates  the  upper  part 
of  the  Camp  quarry,  having  the  granular  calcite  bearing  beds 
bc!iow,  then  the  beds  more  or  less  de(*ayed,  above  which  are  litho- 
gvaphic  beds.  Here,  however,  the  latter  have  distinct  shaly 
partings  not  shown  in  the  others. 

On  Mr.  F.  A.  Buttke's  land  in  section  15,  Spring  Creek  town- 
ship, a  ridge  has  in  it  stone  very  near  the  surface  and  a  local 
supply  of  building  stone  has  been  removed  from  two  or  three 
different  places.  The  rock  quarried  was  mainly  of  the  litho- 
irvaphic  type.  The  floor  of  one  pit  was  a  soft,  buff,  fissile  lime- 
stone, above  which  were  two  feet  of  a  yellowish,  soft,  calcite- 
bearing  stone.  The  uppermost  bed  of  this  quarry  contained 
stromatoporoid  masses  of  all  sizes  up  to  a  foot  in  diameter. 
There  were  also  short,  cylindrical  stems  roughening  the  sur- 
face, much  resembling  the  dendroidal  Stromatoporas  of  the  out- 
crop on  the  West  Fork  in  Union  township.  There  are  several 
other  outcroppings  along  Spring  Creek  from  near  its  mouth  to 
the  north  l)order  of  the  township,  in  all  of  which  the  lithographic 
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stone  appears.  The  occurrence  of  the  Stromatopora  and  litho 
graphic  beds  east  of  Cedar  river,  with  Acervularia  beds  out- 
cropping on  both  the  east  and  west  sides  of  them  without  any 
material  change  of  elevation,  would  imply  that  they  lie  in  a  shal- 
low syncline  and  this  view  is  supported  by  the  fact  that  at  the 
Robertson  quarry  on  the  west  is  a  very  decided  dip  to  the  south- 
east. The  dip  of  the  Acervularia  beds  on  the  east  could  not 
be  determined  as  only  an  outcropping  in  a  bank  was  noted. 

In  the  northwest  quarter  of  the  northwest  quarter  of  sec- 
tion 24,  Eagle  township,  is  a  ridge  due  to  an  outlier  of  limestone. 
The  country  north  and  west  is  unusually  level,  while  that  east 
and  south  presents  very  little  unevenness  of  surface.  Two 
quarries  have  been  opened  here  from  which  large  quantities  of 
stone  have  been  taken,  since  a  wide  extent  of  country  finds  here 
its  only  supply  of  stone  except  such  as  may  come  from  the  lowan 
bowlders  which  in  some  sections  are  not  plentiful.  In  a  quarry 
in  the  field  west  of  the  road  the  following  section  is  shown : 

FBKT.     INCHB8. 

13.     Thin-bedded,  broken  stone 7 

12.     Two  layerg  of  limestone,  blue  where  unchanged  4        6 

11.  Three  layers  of  hard,  compact  limestone,  of  good  quality, 
durable,  brittle,  having conchoidal  fracture,  with  drab 
nodules  of  varying  sizes,  and  in  the  upper  part  with 
stromatoporoid  masses  thoroughly  coalescent   with  the 

rest  of  the  rock 5 

10.     Bluish,  earthy  limestone,  much  jointed    and    irregularly 

bedded 3 

9.     Dark  drab  stone,  calcitic  at  top 1        6 

8.     Blue  stone,  buff  where  exposed,  calcite  plentiful,  in  seven 

or  eight  layers 1       10 

7.     Drab  limestone 9 

6.  Buff,  earthy  limestone,  finely  streaked  with  yellow  lines..  2        2 
5.     Shaly  partings  with  very  wavy  lines  of  contact  above  and 

below 3 

4.     Hard,  brittle,  drab  limestone,  middle  portion   developing 

layers 3        2 

3.     Blue  limestone  of  good  quality,    firm,    finely   crystalline, 

with  pockets  of  crystals,  thickness  not  taken ^ 
2.     Gray,  finely  crystalline  limestone,  yielding  good  flags....  6 

1.     A    good    stone,    gray,    somewhat    crystalline,     fracture 

coarsely  conchoidal . .  2        6 

Beh)w  is  given  a  section  from  the  quarry  east  of  the  road. 

FEET.     INCHES 

7.  Thin- bedded  stone  such  as  usually  occurs    near    the   sur- 

face  7 
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6.     Like  No.  5  in  appearance,  but  readily  weathers  into  frag- 
ments, joints  readily  developing 1        6 

5.     Good  quarry    stone,    drab,    dense,    brittle,    resistant    to 

weathering  in fluences 2        6 

4.     Buff,  iron-stained,  soft  in  places 5 

3.     Thin-bedded,  much  juinted.  buff,  calcite  bearing 1        6 

2.     Like  No.  3.  upper  six  inches  very  fragile  and  fissile 3 

I.     Kirm,  drab,  compact,  in  two  layers,  upper   argillaceous.  4 

The  stromatoporoid  masses  in  number  11  of  the  west  quarry, 
together  witli  the  lithologieal  character  of  certain  beds,  makes 
it  reasonable  to  conclude  that  the  beds  of  these  quarries  are  of 
the  same  horizon  as  those  of  the  Cedar  Palls  quarries.  Aside 
from  the  Stromatopora  and  an  undetermined  brachiopod  very 
sparingly  occurring  in  a  part  of  number  3  of  the  east  quarry, 
these  beds  are  entirely  l)arren.  A  characteristic  of  these  bar- 
ren beds,  whether  found  in  East  Waterloo,  Cedar  Falls,  or  Eagle 
township,  is  the  marked  variability  of  most  of  the  rock,  some- 
times even  in  the  same  quarry  and  always  in  near-by  quarries. 
A  very  few  features,  like  the  pockets  of  crystals,  yellow  streaks 
in  a  soft,  earthy  stone,  blue  limestone,  yellowing  under  the 
weather,  may  be  traced  at  fairly  well  established  horizons. 
Otherwise  little  can  be  used  in  correlation  and  even  these  with- 
out sure  reliance,  unless  the  Stromatopora  and  lithographic  beds 
chance  to  be  found  overtopping  them. 

Stratigraphically  the  lowest  horizon  in  the  county  is  the  out- 
cropping in  an  intermittent  stream  bed  in  the  northeast  quar- 
ter of  section  13,  Fox  township,  which  is  referred  to  the  upper 
part  of  the  Wapsipinicon  stage  of  the  Devonian.  No  thickness 
can  be  assigned  as  only  a  partial  section  could  be  made.  In  the 
bank  adjacent  three  or  four  feet  of  this  zone  were  exposed. 

GENERAL  SECTION  OP  CEDAR  VALLEY  LIMESTONE. 

A  general  section  of  the  rocks  of  the  Cedar  Valley  stage  in 
Black  Hawk  county  may  be  arranged  in  order  as  follows: 

PKET 

3.  Lithographic  and  stromatoporoid  beds,  somewhat  vari 
able  in  character,  but  everywhere  maintaining  certain 
unmistakable  features.  In  places  a  noduLir  or  even 
brecciated  phase  is  found.  Excepting  the  s  romatopor- 
oidi,  few  fossils  occur 20 
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2.  Beds  which,  for  sake  of  identification  in  reference  to  them 
may  be  called  the  Raymond  quarry  beds,  since  they 
have  long  been  known  there,  distinctively  barren,  ex- 
cep  ing  an  occasional  coarse-ribbed  Atrypa  reticularis^ 
a  few  fragments  jf  another  brachiopod,  a  few  crinoid 
stems  and  the  fish  jaw  found  at  the  Bartlett  quarry. 
Cherty  layers,  pockets  of  calcite  and  geode-like  masses 
occur  with  considerable  regularity 26 

1.  The  Acervuliria  beds  which  scarcely  admit  of  definite 
differentiation  in  most  of  the  places  where  rock  of  this 
zone  occurs,  unless  it  be  in  the  outcropping  above  the 
Wapsipinicon  horizjn  in  Pox  township 7 

Number  2  is  the  horizon  referred  to  by  Calvin  as  being 
** Along  the  river  bluff,  a  short  distance  above  Littleton''*  and 
which  is  there  about  sixty  feet  in  thickness. 

GEEST. 

In  no  quarry  has  it  been  necessary  to  do  much  stripping  in 
order  to  secure  the  stone  needed  to  supply  the  local  demands,  the 
natural  exposure  that  first  attracted  the  quarryman's  attention 
being  located  where  the  overlying  unconsolidated  material  was 
thin.  This  condition,  however,  has  favored  rock  decay  in  its 
various  phases,  with  the  result  that  the  sound  rock  is  invariably 
covered  with  the  insoluble  pr;oducts  of  rock  decomposition  to 
a  depth  varying  with  the  circumstances.  In  one  instance  five 
or  six  feet  of  this  dark  red,  stiff,  clayey  residuum  was  observed, 
though  usually  from  one  to  three  feet  measures  the  extent  of  the 
geest,  as  this  form  of  rock  waste  is  often  called,  and  the  lower 
half  of  this  is  mingled  with  the  more  resistant  remnants  of  the 
original  rock.  Sometimes  the  activity  of  the  erosive  agents  is 
continued  along  the  joint  planes  to  a  depth  of  twenty  feet  or 
more,  widening  them  out  and  leaving  the  spaces  partially  filled 
with  geest. 

PLEISTOCENE  SYSTEM. 

KANSAN  STAGE. 

Kansan  drift. — The  oldest  observed  representative  of  the  Ple- 
istocene is  the  Kansan  drift.  This  covers  almost  four-fifths  of 
the  area  of  the  county  and  in  turn  is  covered  practically  every- 
where with  the  lowan.    Its  maximum  thickness  in  the  county 
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is  not  known,  but  in  Lincoln  towashii)  where  the  mantle  rocV 
has  a  thickness  of  270  feet,  the  maximum  for  the  county,  more 
than  nine-tenths  of  this  material  is  Kansan  till,  judging  from 
the  few  exposures  made  by  the  erosion  of  the  streams  and  exca- 
vation of  railroad  cuts.  The  dense,  blue  clay  which  invariably 
forms  the  basis  of  this  drift  when  unweathered,  is  accompanied 
always  with  other  constituents,  of  ever  varying  nature,  form, 
size  and  i)roportions,  so  that  any  section  through  or  into  it 
discloses  to  the  careful  observer  sfome  detail  of  special  interest. 
Calcium  carbonate,  often  too  finely  reduced  to  be  noted  with 
the  eye,  quartz  grains,  pebbles  and  larger  masses  of  other 
minerals,  especially  of  greenstone,  and  disintegrating  granitoid 
masses  are  very  common.  Pockets  of  sand  and  gravel  as  well 
as  streaks  and  layers  of  these  materials,  running  in  all  direc- 
tions, are  numerous.  This  feature  of  the  Kansan  was  unusu- 
ally manifest  in  the  excavations  for  the  Auditorium  and  Gym- 
nasium buildings  of  the  State  Normal  School.  Here,  too,  wera 
found  pieces  of  coal  and  other  carbonaceous  matter,  calcareous 
septaria,  ferruginous  concretions  with  a  clayey  nucleus,  some- 
times reaching  bowlder  dimensions,  and  in  one  instance  at  least 
beautifully  polished  and  striated.  In  the  cut  made  by  the  Illi- 
nois Central  railway  one  mile  or  more  northwest  of  Cedar  Falls 
a  mass  of  native  copper  weighing  four  and  one-half  pounds  was 
found  deeply  bedded  in  the  Kansan  till,  giving  unciuestionable 
evidence  as  to  the  direction  from  which  this  ])art  of  the  till  must 
have  come.  Wlien  exposed,  or  near  the  surface,  oxidation  chan- 
ges the  color  of  the  clay  to  a  yellow,  brown,  or  gray,  the  lime 
and  some  other  ingredients  are  leached  out  and  the  granitoid 
masses  readily  fall  in  pieces. 

Calvin,  Savage  and  others  note  the  presence  of  a  layer  of 
pebbles  on  the  top  of  the  Kansan  drift,  where  it  rises  in  ridges, 
and  beneath  the  Towan.  This  is  very  common  in  Black  Hawk 
county,  almost  invariably  to  be  seen  where  the  roadmakers  have 
cut  into  the  more  abrupt  ridges,  beginning  part  way  up  one 
side,  ])assing  over  the  top  and  partly  down  the  other  side.  It 
seems  to  b(»  a  i'(»sult  of  post-Kansan  erosion.  The  soluble  and 
finer  constituents  of  the  drift  having  been  removed,  the  pebbles 
having  settled  down  together,  readily  attract  attention. 
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Since  the  lowan  is  everywhere  coincident  with  the  Kansan  in 
this  county,  all  distinctive  topographical  features  of  the  Kansan 
have  been  obliterated  over  by  far  the  greater  part  of  the  county. 
The  high  bluffs  in  the  vicinity  of  Cedar  Falls  are  gashed  with 
short  V-shaped  ravines  deeply  cut  into  the  Kansan  by  the  pre- 
lowan  streams  as  they  sought  a  passage  to  the  river  over  the 
steep  escarpment.  As  has  already  been  stated  under  the  head 
of  Topography,  for  a  distance  of  seven  or  eight  miles  south- 
east of  Cedar  Falls  quite  pronounced  Kansan  topography  man- 
ifests itself  through  the  thin  veneer  of  the  lowan,  if  the  latter 
be  not  entirely  wanting  in  some  parts  of  this  area. 

Buchcman  gravels. — Since  Calvin  first  recognized  the  Buchan- 
an gravels  as  a  distinct  Pleistocene  deposit,  writers  on  the 
Pleistocene  of  northeastern  Iowa  have  given  them  due  attention. 
They  are  well  described  and  thdr  genesis  closely  and  reason- 
ably accounted  for  in  the  rejjort  on  Howard  county.*  In  every 
township  one  or  both  phases  of  these  gravels  may  be  found 
some  of  which  to  be  sure  are  very  thin  and  show  little  stain  or 
other  evidence  of  weathering,  but  their  position  makes  their 
relationship  quite  certain. 

Along  the  banks  of  Dry  Run  and  its  branches  are  numerous 
extensive  deposits.  The  first  to  appear  as  one  proceeds  south- 
westward  from  its  mouth  is  at  N.  Olsen's  quarry  where  the 
upland  i)hase  has  a  thickness  of  ten  feet.  The  lower  part  is 
deeply  iron  stained  and  coarse.  The  upper  part  is  less  ferru- 
ginous, stratified,  some  layers  being  a  fine  sand.  The  upper- 
most layers  are  highly  ferruginous.  At  Carpenter's  quarry 
the  gravel  is  much  thinner  and  lighter  in  color,  but  more  uni- 
formly coarse.  On  the  east  side  of  the  creek  one-half  mile 
directly  cast  of  the  Normal  School  is  the  most  extensive  deposit 
observed  anywhere  in  the  county  (Fig  51).  It  is  of  the  valley 
phase,  very  uniform  in  size  of  particles,  which  is  that  of  a  fine 
gravel,  or  coarse  sand,  of  a  yellowish  color  and  very  distinctly 
stratified  except  in  the  upper  part.  Large  quantities  have  been 
removed  by  the  Chicago  Great  Western  railroad  company  for 
ballast.  It  is  twenty  or  more  feet  thick  and  is  many  acres  in 
extent.     In  fact,  the  whole  valley  in  this  neighborhood  along 
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the  main  stream  and  its  tributaries  is  more  or  less  filled  with 
this  material.  In  one  place  it  is  a  very  dark  red  brown  and 
hardened  into  rock-like  sheets ;  in  another  it  consists  of  pebbles 
and  cobble-stones  of  chert,  jasper  and  other  forms  of  quartz, 
greenstone,  etc.,  all  deeply  stained  with  iron.  But  for  the  mk)st 
part  it  is  rather  of  a  sandy  nature,  though  more  deeply  stained 


Fig:    51— Buchanan  erravel.  Cedar  Falls,  east  of  Normal  School 

than  in  the  pit  of  the  railway  company.  At  the  time  of  the 
melting  of  the  Kansan  ice  there  umst  have  been  quite  an  area 
of  still  water  here  on  reaching  which  the  burdened  floods  at  once 
deposited  the  coarser  part  of  their  loads.  The  upland  deposits 
which  overlie  the  limestone  bounding  the  sides  of  the  valley 
were  deposited  while  the  valley  itself  was  still  filled  with  ice. 

On  the  interurban  line  of  the  Rapid  Transit  railway  where 
it  cuts  into  the  bluff  is  a  deposit  ten  feet  in  thickness,  contain- 
ing pebbles  and  cobblestones,  rotten  granite,  iron  concretions 
and  cemented  gravel,  all  deeply  stained.  In  the  gravel  are 
masses  of  very  fine  grain,  or  without  apparent  grain,  spherical, 
lenticular  and  plate-like  in  form.  This  deposit  is  interesting 
for  the  variations  occurring  within  short  distances,  both  in  ver- 
tical and  lateral  extension.. 


lOWAN    STAGE. 
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In  some  localities  the  farmers  have  recognized  the  value  of 
this  material  for  improving  the  character  of  the  roads.  It  is 
surprising  that  so  many  are  still  content  to  contend  with  mud, 
while  in  so  many  instances  there  is  within  easy  reach  so  effect- 
ual a  means  of  relief. 

lOWAN  STAGE. 

Iowa  drift. — There  is  nothing  peculiar  in  the  character  of  the 
lowan  drift  deposit  in  Black  Hawk  county.  Calvin's  description 
in  his  report  on  Delaware  county  may  well  be  accepted  as  most 
characteristic.  **The  lowan  drift  is  a  light  yellow,  highly  cal- 
careous clay,  unchanged  by  weathering  and  oxidation  even  at 
the  surface.'' 

As  compared  with  the  Kansan,  it  is  everywhere  very  thin. 
On  the  bluffs  between  Cedar  Falls  and  Waterloo  and  elsewhere 
along  the  margin  of  the  Cedar  valley  it  is  scarcely  a  foot  thick. 
Over  the  tops  of  the  ridges  even  in  the  great  lowan  drift  i)lains, 
it  is  scarcely  more  in  many  instances.  On  the  Normal  School 
campus  it  is  from  five  to  seven  feet  thick.  In  the  railroad  cut 
one-half  mile  northwest  of  Voorliies  the  following  section  is 
shown : 

FEET-      INCHES. 

8.     Verylijjht  ash-colored  clay  with  sand  and  pebbles 1 

7.     Darker,  more  clayey  layer  containing  scattered    pebbles. .  2 

6 .     Ordinary  lowan  drift     3 

5.     An  extremely  meag^er  line  of  gravel,  probably  residual. . .  2 

4 .     Oxidized  Kansan 6 

3.     Light  ash-colored  layer 1 

2 .     Dark  gray  layer  1 

1.     Less  oxidized  clay  in  which  is  a  line  of  very  irregular  cal- 
careous nodules  sometimes  with  quartz  pebbles  included 

as  in  a  conglomerate 4 

In  a  cut  southeast  of  Voorhies  the  lowan  is  four  feet  thick, 
below  which  are  six  feet  of  oxidized  Kansan  made  up  of  clay, 
sand  and  gravel.  Here,  too,  the  nodules  mentioned  above  occur. 
Under  this  is  a  somewhat  indurated  thin  layer  making  an  abrupt 
line  in  the  slope,  succeeding  which  are  three  feet  of  the  blue 
Kansan  till.  These  cuts  are  in  the  midst  of  a  very  character- 
istic part  of  the  southwest  lowan  drift  plain,  and,  while  the 
material  in  the  upper  part  of  the  lowan  drift  is  not  typical,  its 
thickness  may  be  taken  as  a  fair  average  of  the  lowan  in  the 
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more  elevated  portion  of  this  plain.  One-half  mile  northeast 
of  Voorhies,  where  the  road  crosses  a  small  creek,  Buchanan 
gravel  appears  under  two  and  one-half  feet  of  the  lowan.  Sim- 
ilar conditions  exist  over  the  great  lowan  plain  between  the 
Cedar  and  the  Wapsipinicon  rivers  where  it  is  most  character- 
istic, as  in  Bennington  and  Barclay  townships,  and  in  the  west 
half  of  Fox.  There  are  localities  where  no  drift  of  any  kind 
can  be  foimd.  Near  the  middle  of  the  boundary  between  sec- 
tions 34  and  35,  Mt.  Vernon  townsliip,  in  the  road  is  an  out- 
cropping of  limestone.  In  the  next  level  above  it  is  a 
thin  layer  of  gravel  and  pebbles,  Buchanan  perhaps,  and 
near  are  lowan  bowlders.  There  is  nothing  in  the  topography 
to  account  for  this  isolated  outcropping  of  limestone,  the  topog- 
raphy all  about  it  being  the  tyjjical  low^an.  Other  localities 
where  no  drift  appears  have  been  mentioned  under  the  head  of 
Topography. 

The  Towan  drift  abounds  in  bowlders.  They  are  chiefly  grani- 
toid, though  gneiss,  greenstones,  basalt,  c|uartzite  and  even  sand- 
stone and  limestone  are  more  or  less  coDunon.  A  large  quartzite 
bowlder  with  surface  corrugated  with  rii)|)]e  marks  slid  out  of 
the  lowan  down  the  slope  of  the  railroad  cut  just  below  Cedar 
Falls  during  a  flooding  rain  in  the  sumnuT  of  1902.  Blocks  of 
sandstone  very  much  like,  if  not  of,  the  New  Richmond  sand- 
stone, are  occasionally  found.  Sometimes  many  of  these  kinds 
may  be  found  scattered  over  a  small  area,  though  the  parent 
ledges  must  have  been  at  considerable  distances  apart,  thus 
showing  how  thoroughly  were  these  constituents  of  the  drift 
mingled  as  they  were  detached  and  borne  along  by  the  resist- 
less power  of  the  great  ice  sheet.  Their  distribution  over  the 
county  is  by  no  means  uniform.  Long  stretches  of  the  plain 
are  entirely  destitute  of  them.  Elsewhere  their  presence  in 
great  numbers  and  in  notably  large  specimens  is  a  striking  fea- 
ture of  the  landscape.  Again  they  are  few,  small  and  scattered. 
Nearly  every  township  gives  proof  of  this  unequal  distribution, 
though  Fagle,  Lincoln  and  Big  Creek  seem  to  have  larger  areas 
free  from  bowlders  than  other  townships,  those  which  lie  wholly 
or  in  large  part  in  the  river  valleys  being  excepted. 


ALLUVIUM  AND  TERRACES.  446 

Loess. — Covering  all  ;of  the  higher  parts  of  the  region  jf 
Kansan  topography  between  Cedar  Falls  and  Waterloo  is  a 
light  gray,  homogeneous  material  consisting  of  a  fine  clay  and 
very  minute  grains  of  sand.  Unquestionably  it  is  a  loess.  It 
is  noticeably  without  any  tinge  of  yellow,  usually  so  character- 
istic of  the  loess  of  Iowa.  There  are  few  places  where  the  loess 
is  penetrated  to  the  underlying  material.  So  far  as  observed 
there  is  a  zone  of  light  colored  clay,  bearing  pebbles  or  even 
cobble  stones,  just  below  it.  In  the  cut  of  the  Rapid  Transit 
railway  mentioned  under  the  head  of  Buchanan  gravels,  these 
gravels  have*  immediately  above  them  the  pebble  bearing  till 
which  must  therefore  be  lowan.  The  Towan  l)orders  this  whole 
region  and  tongues  of  it  run  up  into  the  lower  levels  among 
the  hills.  It  is  probable  that  a  thin  deposit  of  lowan  drift 
underlies  much  of  the  lower  loess  deposit,  if  not  all  of  it.  The 
thickness  of  this  loess  is  from  one  or  two  to  eight  feet  at  least. 
No  loess  occurs  elsewhere  in  the  county  as  far  as  observed. 

ALLUVIUM  AND  TERRACES. 

The  larger  valleys  have  been  flooded  at  seasons  of  high  water 
ever  since  they  assumed  their  present  character.  Each  over- 
flow leaves  its  increment  of  sediment,  usually  a  fine  silt,  the 
wash  from  the  adjacent  fields  and  bluflf  sides.  Sand  is  the  most 
abundant  material  of  these  valleys.  Coarser  sands  and  gravels 
are  variously  mingled  in  places  where  the  stronger  currents 
have  run  over  the  plains.  Then,  too,  the  shifting  stream  beds 
have  left  coarse  materials  in  considerable  quantities  here  and 
there  throughout  the  river  flats. 

It  is  very  difficult  to  determine  accurately  the  depth  or  superfi- 
cial area  of  the  alluvial  deposits,  since  tongues  of  lowan  clays 
sometimes  underlie  the  sands,  and  the  drift  borders  the  alluvium 
with  a  very  irregular  line  of  lobes  and  sinuses.  There  is  some 
reason  to  believe  from  wells  and  other  excavations  that  a  pre- 
glacial  stream  has  cut  its  channel  into  the  rock,  well  below  the 
present  rock  bed  of  the  Cedar,  but  the  evidence  is  too  meager 
to  warrant  any  effort  to  trace  its  course. 

Along  the  margins  of  these  valleys  low  terraces  occasionally 
appear,  l)ut  nowhere  are  they  a  very  noti(*eable  feature  of  the 
topography  of  the  county. 
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CRETACEOUS  MATERIAL  IN  THE  DRIFT. 

In  the  first  volume  of  the  Survey  reference  is  made  to  Cre- 
taceous material  found  in  the  drift  in  different  parts  of  the 
state.*  As  a  contribution  to  the  subject  there  discussed,  the 
following  items  are  given  without  any  attempt  to  account  for 
the  occurrence  of  the  finds  in  the  locality  and  situation  where 
they  were  discovered. 

A  small,  soft,  ferruginous  sandstone  well  filled  with  casts  of 
Pinnae  and  gastropods  of  at  least  two  species  was  found  just 
above  the  blue  clay,  eight  feet  below  the  surface,  in  laying  a 
sanitar>^  sewer,  on  Olive  street  near  Professor  Parish's  resi- 
dence on  Normal  Hill.  Small  pieces  of  a  conifer  were  found 
near  it.  A  slender  belemnite  judged  to  be  Cretaceous  was  un- 
earthed in  excavating  for  the  new  Gymnasium  of  the  Normal 
School.  An  impression  of  what  appears  to  be  Prionocyclus  wifo- 
mingensis  was  found  in  another  excavation  on  the  campus  five 
feet  below  the  surface. 

Soils, 

The  soils  of  Black  Hawk  county  may  be  placed  in  a  general 
way  mainly  in  two  classes,  that  of  the  larger  stream  valleys 
and  that  of  the  Towan  drift  plains.  The  latter,  a  rich,  deep 
loam  with  a  clay  subsoil,  has  often  been  described  in  the  reports 
on  the  counties  where  it  prevails,  and  it  presents  no  marked 
variation  in  this  county.  Those  townships  where  the  features 
of  the  Towan  drift  dominate  the  landscape  are  readily  recog- 
nized as  rich  farming  districts  by  every  indication  by  which  we 
may  judge  of  the  prosperity  of  a  community.  The  marvel  is 
that  any  man  in  these  days  of  labor  saving  machinery,  rural 
free  delivery  and  telephone  consents  to  exchange  the  freedoni 
and  independence  of  such  homes  as  abound  over  these  portions 
of  the  county  for  the  questionably  superior  advantages  of  the 
town,  all  things  being  taken  into  consideration. 

The  alluvial  plains  of  the  Cedar  and  its  larger  tributaries  are 
productive  in  seasons  when  there  is  an  average  amount  of  rain- 
fall well  distributed  through  the  growing  time  of  the  year,  but 
suffer  first  in  dry  times  and  therefore  are  less  to  be  depended 
upon  for  uniformly  good  crops  than  the  more  favored  region  of 
the  Towan  drift  plains;  though  where  drainage  is  imperfect, 

*Keye8:  Iowa  Geol.  Surv..  Vol.  I.  p.  125. 
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these  latter  are  the  sufferers  in  the  wet  years.  The  advantage 
lies  with  the  latter,  however,  for  tiling  and  ditching  relieve  the 
situation  very  readily  in  most  cases.  Already  the  bowlders  that 
embarrassed  the  cultivator  and  to  the  thrifty  eye  disfigured 
the  otherwise  fair  fields  to  a  great  extent,  have  been  utilized 
in  building,  or  have  been  removed  to  the  boundaries  of  the 
farms,  where,  lying  in  grim  ruggedness,  they  continue  their  mute 
testimony  to  the  reasonableness  of  the  glacial  theory  and  the 
wonderful  activities  of  nature  in  the  days  long  gone  by. 

The  drought  resisting  capability  of  the  drift  plains  is  indeed 
remarkable  and  ought  not  to  be  disregarded  in  any  mention 
of  their  characteristics.  No  better  test  of  this  could  be  made 
than  the  series  of  dry  seasons  that  succeeded  each  other  a  few 
years  ago.  Though  the  farmers,  disheartened  by  the  long  pre- 
vailing unfavorable  conditions,  long  before  harvest  time  gave 
way  to  gloomy  forebodings,  the  crops  were  happily  disappoint- 
ing in  the  average  results.  The  clays  underlying  the  rich  top 
soil,  slowly  but  persistently,  yielded  up  their  store  of  moisture 
by  capillarity,  no  matter  to  what  depth  the  zone  of  ground  water 
retreated. 

While  this  cannot  be  true  in  the  same  degree  of  the  valleys 
of  the  Cedar  and  Wapsipinicon,the  sandy  element  which  is  in 
excess  in  some  parts  of  them,  by  its  readier  drainage  permits 
an  earlier  cultivation  and  by  its  greater  warmth  promotes  a 
more  rapid  growth,  thus  making  them  specially  adapted  to 
the  growth  of  some  crops  in  the  cultivation  of  which  the  farmer 
finds  no  slight  compensation  for  those  qualities  of  the  drift 
plains  which  his  land  is  denied.  There  are  intermediate  soil 
conditions  between  these  two  types  the  details  respecting  which 
need  not  be  given  here. 

The  comparatively  small  area  of  Kansan  topography  affords 
a  third  type  of  soil,  which  is  fertile,  warm,  drains  readily,  has 
good  capillarity  and  is  easily  worked.  It  is  specially  adapted 
to  the  growth  of  garden  truck,  small  fruits  and  orchards  as  well 
as  the  standard  field  crops. 

Deformations. 

The  rocks  of  this  county  have  been  little  affected  by  folding. 
A  low  anticiline  brings  the  Acervularia  horizon  into  notice  on 
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the  west  side  of  the  Cedar  from  Waterloo  to  the  county  line  on 
the  south,  while  the  rocks  on  the  east  side  of  the  river  over  the 
same  distance  are  all  of  a  higher  horizon  stratigraphically, 
though  the  altitude  at  which  they  occur  is  no  greater  than  that 
of  the  rock  on  the  west,  if,  indeed,  it  is  as  great  in  some  places. 
The  Acervularia  horizon  reappears  at  the  surface  on  the  east 
along  Spring  creek.  Small  narrow  folds  appear  in  one  or  two 
places  along  Dry  Run  in  Cedar  Falls. 

Unconformaties. 

The  floor  of  the  Round's  quarry  in  Cedar  Falls  shows  a  dis- 
tinct unconformity  with  the  bed  that  had  overlain  it.  Similar 
unconformities,  presumably  at  the  same  horizon,  were  noted 
in  several  other  localities,  though,  being  in  or  near  the  base 
of  the  barren  beds,  no  certain  means  of  determining  the  exact 
horizon  of  the  several  unconformities  present  tliemselves, 

ECONOMIC  PKODUCTS. 
Building  Stone. 

Rock  outcroppings  are  so  distributed  over  the  county  as  to 
bring  within  easy  reach  of  a  large  part  of  the  population  an 
abundant  supply  of  stone  suitable  for  all  ordinary  constructive 
purposes.  Nowhere,  however,  is  it  of  such  a  grade  as  to  war- 
rant quarrying  operations  on  a  scale  beyond  the  supply  of  the 
immediate  local  demands.  Stone  buildings  are  not  common. 
The  few  good  ones,  however,  indicate  the  possibilities  yet  un- 
develo]ied.  The  best  range  rock  and  flagstones  are  obtained 
from  the  Neilson  quarry  already  described.  Naturally  the 
quarries  that  have  been  worked  most  extensively  are  those  in 
the  vicinity  of  La  Porte  City,  Waterloo  and  Cedar  Falls.  The 
Berry  quarrj^  in  P]agle  township  supplies  a  wide  range  of  coun- 
try as  it  furnishes  the  only  limestone  occurring  in  that  locality. 

The  lowan  bowlders  furnish  an  excellent  stone  and  are  used 
quite  largely  both  in  the  town  and  country.  The  walls  of  the 
First  Presbyterian  church  in  Waterloo  are  built  of  granite  taken 
from  a  single  bowlder  two  or  three  miles  from  town.  The  Con- 
gregational church  in  Cedar  Falls  is  built  of  bowlders  gathered 
from  the  neighborhood.     These  are  not  only  most  substantial 
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buildings  but  pleasing  to  the  eye  as  well.  The  range  of  the 
varieties  of  crystalline  rocks  in  the  walls  of  the  Cedar  Falls 
ehurch  is  truly  remarkable.  Mr.  A.  D.  Barnum  of  Cedar  Falls 
contracted  to  furnish  large  blocks  of  stone  necessary  for  the 
lower  foundations  of  the  state  capitol,  and  filled  his  contract 
from  a  few  large  bowlders  in  the  neighborhood  of  that  city. 

Lime. 

No  lime  has  been  produced  in  this  county  for  many  years. 
Formerly  there  were  kilns  in  several  localities.  The  rock  used 
was  usually  taken  from  the  stromatoporoid  horizon,  and  a  good 
grade  of  lime  for  immediate  use  is  reported,  but  its  readiness 
to  deteriorate  in  a  short  time  destroyed  its  value  for  commercial 
purposes. 

Brick  Clay 

The  glacial  clays  afford  little  promise  at  present  of  furnish- 
ing material  for  the  manufacture  of  superior  brick,  and  since 
other  clays  are  not  accessible  in  this  county  the  prospects  for 
brick  making  on  an  extensive  scale  are  not  very  promising.  The 
small  loess  region  between  Cedar  Falls  and  Waterloo  yields  a 
material  that  is  utilized  by  Stead  Brothers  and  Guenther  in  the 
northwest  quarter  of  section  21,  Waterloo  township,  in  the  manu- 
facture of  a  good  quality  of  common  brick.  At  present  the 
round,  down  draft  kilns  are  used.  The  stiff  mud  process  is 
employed.  A  Freeze  and  Eagle  repress  machine  is  used.  The 
present  capacity  of  the  plant  is  from  fifteen  to  twenty  thousand 
daily.  A  ready  market  is  found  for  all  their  output  and  the 
proprietors  are  planning  a  considerable  increase  in  the  capacity 
and  facilities  of  their  plant. 

The  Waterloo  and  Cedar  Falls  Brick  Company  have  a  plant 
in  the  northeast  quarter  of  section  13,  Cedar  Falls  township. 
The  material  used  here  has  been  lowan  and  Kansan  drift.  At 
present  they  are  using  loess  with  satisfactory  results.  They 
have  four  round,  down  draft  kilns,  ample  first  class  drying  facil- 
ities, use  the  stiff  mud  process  and  have  a  capacity  of  twelve 
thousand  daily.  They,  too,  find  ready  market  for  their  entire 
product. 
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Boad  Materials. 

Much  of  the  limestone  of  the  county  is  too  soft  to  use  as 
road  material.  Where  used  it  has  pulverized  in  a  short  time 
forming  a  limey  dust  that  has  proven  very  disagreeable  to 
travelers.  The  stromatoporoid  and  lithographic  beds,  where 
available,  would  give  better  results.  When  this  is  not  at  hand, 
in  place  of  crushed  stone,  the  Buchanan  gravel  is  available  in 
many  localities,  and,  as  has  been  stated  already,  it  is  a  most  ex- 
cellent material  for  improving  the  roads.  Dry  Run  channel  has 
afforded  large  supplies  of  superior  gravel  which  has  already 
been  drawn  upon  freely  for  the  improvement  of  the  stn»ets  of 
Cedar  Falls  and  the  roads  in  its  neighborhood.  The  Cedar  and 
the  Wapsipinicon  and  their  larger  tributaries  have  sorted  and 
deposited  in  bars,  so  that  it  is  easily  aecessiblo,  large  quanti- 
ties of  good  gravel  which  in  some  instances  has  l)c»en  used  in 
repairing  the  roads  of  the  vicinity.  AVith  judicious  preparation 
of  the  roadbed  by  proi)er  drainage  and  building  up,  most  of  the 
roads  of  the  country  in  a  few  years  could  be  made  firm  a.ui  dry 
at  all  seasons  w^th  little,  if  any,  greater  expenditure  than  is  now 
employed.  The  work  should  be  done  on  a  well  formed  plan  and 
adhered  to  throughout  a  series  of  years. 

Water  Supply. 

No  very  large  areas  in  this  county  are  remote  from  perennial 
streams  w^hich  afford  water  in  abundance  for  all  ordinary  pur- 
poses. By  wells,  water  of  good  quality  is  easily  obtained  in  the 
great  majority  of  cases.  The  wells  in  the  river  valleys  reach 
a  layer  of  gravel  at  a  depth  of  ten  to  thirty-five  feet  and  stop 
there.  On  the  Tow^an  drift  plain  water  is  obtained  at  from  sixty 
to  two  hundred  and  eighty  feet.  Some  of  these  stop  in  the  blue 
clay.  Most  of  them  reach  a  layer  of  gravel  or  pass  into  the  rock  a 
few  feet  before  they  terminate.  The  uniform  excellence  of  the 
water  in  most  cases  is  noteworthy. 

In  Waterloo  the  supply  of  water  has  been  taken  from  the 
river,  but  this  has  not  proved  satisfactory  and  a  deep  well  is 
being  put  down  in  the  expectation  that  a  copious  supply  of  good 
water  will  be  secured.  A  depth  of  731  feet  has  been  reached 
where  a  firm  limestone  has  been  struck  just  after  leavinc:  a 
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shale.  This  undoubtedly  is  the  Maquoketa  shale,  and  the  next 
advance  will  be  in  the  Galena-Trenton.  It  is  hoped  by  the  com- 
pany that  an  adequate  supply  of  water  will  be  found  in  the 
Saint  Peter  sandstone,  but  they  are  prepared  to  go  into  the 
water  bearing  strata  below  to  the  depth  of  2500  feet  if  necessary. 
Waterloo  is  in  the  Dubuque-Sioux  City  section  and  there  is  rea- 
son to  believe  from  the  record  of  the  wells  already  sunk  in  this 
section,  that  there  will  be  a  full  supply  of  water  without  the 
necessity  of  pumping  from  any  great  depth.  The  United  States 
Geological  Survey  and  the  Iowa  Geological  Survey  are  receiving 
sample  borings  as  the  work  progresses,  and  in  due  time  a  com- 
plete section  will  be  published. 

In  Cedar  Falls  the  water  w^orks  are  owned  by  the  municipal- 
ity. The  supply  is  obtained  from  large  fissure  springs  near 
the  mouth  of  Dry  Run.  An  analysis  of  the  water  made  July 
n^O-  gave  total  solids  in  solution  294  parts  per  million  or  17.150 
grains  i)er  gallon;  January  22,  UK);!,  297  parts  per  million  or 
17.325  grains  per  gallon.  No  trace  of  organic  matter  appears. 
The  supply  is  abundant.  Even  in  the  extremely  dry  seasons  of 
a  few  years  ago  there  was  no  perceptible  diminution  in  the  flow. 
It  is  difficult  to  determine  the  strata  from  which  the  water 
comes,  but  it  is  believed  to  be  the  Devonian.  The  lower  beds 
in  this  neighborhood  are  much  channeled,  as  if  water  currents 
were  common.  Limestone  could  not  be  expected  to  furnish  so 
large  an  amount  of  quarry  water  and  these  channeled  beds  are 
suggestive  of  small  subterranean  streams  that,  following  the 
dip,  seem  to  center  in  the  vicinity  of  these  springs.  The  Union 
Mill  Company  in  making  improvements  at  one  of  their  Cedar 
Falls  mills  in  the  fall  of  1904,  quarrying  into  the  limestone,  un- 
covered a  considerable  fissure  from  which  issued  a  large  stream 
of  water.  These  streams  must  be  fed  from  a  considerable  intake 
which  is  situated  probably  mainly  on  the  east  side  of  the  river, 
as  the  bed  from  which  the  Mill  company's  spring  broke  out  is 
below  the  river  level.  The  sandy  plain  of  the  Cedar  valley 
would  give  the  proper  type  of  soil  for  such  an  intake  and  would 
prove  a  complete  filter,  thus  accounting  for  the  absence  of  organ- 
ic matter.  While  the  waters  of  Dry  Run  disappear  beneath  the 
surface  two  miles  or  more  above  these  springs,  they  do  not  reach 
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them,  as  is  indicated  by  the  absence  of  organic  matter  which 
would  certainly  appear  from  surface  waters  passing  so  short 
a  distance  through  well  worn  Avater  ways.  Nor  could  the  flow 
in  this  small  creek  supply  a  tithe  of  the  w^ater  daily  pumped 
from  these  springs.  Occasionally  in  times  of  very  high  water 
the  immediate  vicinity  of  the  springs  is  overflowed  and  the  city 
water  is  affected  by  this  surface  water,  but  this  passes  with  the 
conditions  that  caused  it.  No  city  is  more  highly  favored  with 
an  abimdant  supply  of  pure  water  than  is  Cedar  Falls. 

Water  Power. 

A  dam  across  the  re:lar  has  been  maintained  for  many  years 
at  Cedar  Falls  and  also  one  at  AVaterloo.  The  control  of  the 
power  is  in  the  hands  of  the  Waterloo  and  Cedar  Falls  Union 
Mill  Company.  About  6000  horse  power  is  available  at  each 
place  and  practically  all  of  this  is  utilized  in  the  operation  of 
the  mills  belonging  to  the  company.  These  flouring  mills  are 
thoroughly  equipped  with  machinery  of  the  latest  approved 
type  for  the  production  of  flour  by  the  best  modern  methods. 
There  is  also  a  small  mill  at  Finchford  on  the  West  Fork. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

Franklin  county  stands  fifth  from  the  Mississippi  and  seventh 
from  the  Missouri  river  in  the  third  tier  of  counties  from  the 
Minnesota  line.  The  county  lies  between  Cerro  Gordo  and  Har- 
din counties  to  the  north  and  south  respectively;  while  Butler 
and  Wright  counties  form  the  east  and  west  boundaries.  In  out- 
line it  is  square  and  contains  sixteen  standard  sized  townships. 
It  has  an  area  therefore  of  576  square  miles  or,  368,640  acres. 

The  county  was  organized  in  1855,  prior  to  which  time  it  had 
been  under  the  judicial  rule  of  Chickasaw  and  later  of  Hardin 
county.  The  name  Franklin  was  given  in  honor  of  Benjamin 
Franklin;  the  first  county  seat,  which  was  located  two  miles 
south  of  the  present  site  of  Hampton,  being  called  Benjamin. 

EARLIER  GEOLOGICAL  WORK. 

The  area  under  discussion  was  traversed  previous  to  1852 
by  parties  under  the  direction  of  David  Dale  Owen*  in  tracing 
the  boundary  l)etween  the  Devonian  and  Carboniferous  systems. 

Dr.  C.  A.  Whitef  states  that  the  Kinderhook  limestone  out- 
crops along  the  Towa  liiver  in  Franklin  county.  Careful  search 
at  the  present  tiine  failed  to  reveal  any  exposures  of  this  for- 
mation along-  the  Iowa  in  the  county.  In  Volume  II  of  White's 
report:}:  i)nl)lished  the  same  year,  a  general  review^  of  the  geo- 
logy a^id  natural  resoni'ces  of  Franklin  county  is  given.  All 
the  indurated  rocks  exposed  in  the  area  were  by  this  author 
referred  to  the  Kinderhook.  The  present  study  indicates  the 
presenc:^  of  Devonian  rocks  in  West  Fork  and  Ingham  town- 
ships. Exposures  of  shales  and  limestones  may  be  frequently 
observed  in  the  neighhorhood  of  the  West  Fork  of  the  Cedar 
River,  which  bear  typical  Devonian  fossils,  thus  leaving  no  ques- 
tion as  to  their  identity. 

The  course  of  the  Altamont  moraine  in  Iowa  has  been  traced 
by  Warren  Upham  and  a  detailed  description  of  the  position 
and  nature  of  its  most  conspicuous  ridges  in  Franklin  county  is 
given  in  the  Ninth  Annual  Report  of  the  Geology  and  Natural 
History  Survey  of  Minnesota,  page  303. 

^Gtooloirical  Survey.  Iowa.  Wisconsin  and  Minnesota,  p.  106, 1852. 


'Ueoloiricai  survey.  Iowa.  Wisconsin  and 
tQeoloiry  of  Iowa,  Vol.  I,  p.  191.  1870. 
tGteolosry  of  Iowa,  Vol.  II,  p.  239  et  seq.  1870. 
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Of  the  counties  adjacent  to  Franklin,  Cerro  Gordo  to  the 
north  and  Hardin  on  the  south  have  received  attention  by  mem- 
bers of  the  present  survey.  *  f 

The  clays  of  Franklin  county  are  briefly  treated  in  Volume 
XIV  of  the  present  series  of  reports:]:.  A  section  of  the  Lime 
Creek  shales  exposed  in  a  clay  pit  one-half  mile  south  of  Shef- 
field is  described  in  some  detail  as  the  only  exposure  of  these 
shales  then  known  in  the  county. 

The  peat  deposits  of  the  county  are  described  and  some  esti- 
mates made  of  the  quantity  and  availability  of  this  class  of  fuel 
by  T.  E.  Savage**  in  a  Bulletin  of  this  survey. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  surface  features  of  Franklin  county  are  such  that  it  can 
primarily  be  separated  into  two  fairly  distinct  districts.  The 
boundaries  of  these  districts  have  been  determined  by  the  depo- 
sition of  glacial  detritus  from  the  two  ice  sheets  last  to  invade 
the  territory*  Essentially  the  eastern  tier  of  townships  and 
the  two  upper  members,  Ross  and  Mott,  of  the  second  row,  are 
included  in  the  area  of  lowan  drift.  The  remainder  of  the 
county,  approximately  five-eighths  of  its  total  area,  is  covered 
with  the  more  recent  Wisconsin  glacial  till,  and  its  topography 
is,  as  a  result,  characteristically  immature. 

The  boundary  line  between  these  two  provinces  is  somewhat 
irregular,  but  with  few  exceptions  the  differences  in  surface 
configuration  are  so  marked  that  there  arises  no  question  as 
to  its  location.  Its  course  across  the  county  is  in  general  from 
west  of  north  to  east  of  south.  Entering  two  and  a  quarter 
miles  from  the  east  border  of  Richland,  and  passing  one  mile 
to  the  west  of  the  city  of  Hampton,  it  divides  Reeve  township 
diagonally  nearly  into  halves  and  detaching  somewhat  more 
than  one  and  one-half  square  mile  from  the  northeast  comer 
of  Grant,  makes  its  exit  into  Hardin  county  two  and  one-quar- 
ter miles  east  of  the  western  boundary  of  Osceola  township.  To 
the  suspecting  observer,  who  is  already  familiar  with  the  trend 

*8.  GalTin,  Qeol.  Oerro  Gordo  Co..  Ann.  Rep.  Iowa  Geol.  Survey,  Vol.  VII,  1896. 
tS.  W  Beyer,  Geol.  Hardin  Oo.,A.nn.  Rep  Jowa  Geol.  Survey.  Vol.  X,  1899. 
lOlay  Industries  of  Iowa,  Ann.  Kep.  Iowa  Geoi.  Survey,  Vol.  XIV,  p.  402.  1901. 
**Iowa  Gteolosrical  Survey,  Bulletin  No.  2.  pp.  13  and  20, 1905. 
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of  this  /dividing  line  in  the  counties  to  the  north  and  south,  there 
is  much  of  suggestion  as  to  its  probable  course  in  Franklin 
county  to  be  obtained  from  the  ordinary  civil  map  which  shows 
only  legal  boundaries,  railroads  and  streams.  Perusal  of  such 
a  map  will  show  the  prevailing  courses  of  the  streams  within 
the  Wisconsin  area  to  be  eastward.  Just  before  breaking 
through  the  moraine  these  streams,  without  exception,  assume 
a  northeasterly  direction,  with  many  sharp  turns  and  windings, 
as  though  seeking  a  vulnerable  point  of  egress.  Outside  of  the 
Wisconsin  they  at  once  assume  the  uniform  south  of  easterly 
direction  of  flow. 

On  closer  inspection  of  each  of  these  two  areas,  it  will  be 
found  that  they  again  break  up  into  more  or  less  well  defined 
districts  according  to,  and  depending  on,  the  ])articuhir  type 
of  land  form  predominating.  The  lowan  drift  area  may  be 
considered  in  two  parts,  first,  that  portion  whose  surface  fea- 
tures are  due  to  the  materials  of  the  lowan  drift;  and  second, 
that  part  whose  topography  depends  on  the  earlier  erosion  of 
the  limestones  and  shales  of  tlie  older  formations  and  later 
modifications  by  loess  deposition.  The  Wisconsin  drift  area 
is  separable  into  the  Altamont  moraine  and  the  more  level  por- 
tion of  the  drift  surface  to  be  designated  the  drift  plain. 

lOWAN  DRIFT  AREA. 

About  three  eighths  of  the  clounty  are  covered  with  drift  of 
lowan  age.  iiut  the  materials  of  this  sheet  of  drift  are  not 
alone  responsible  for  the  topographic  features  of  more  than 
one-third  of  this  area.  The  lowan  till  sheet  is  relatively  thin 
wherever  observed  in  the  state,  and  it  becomes  more  attenuated 
near  its  southern  border,  which  crosses  eastern  Hardin  count}" 
some  nine  miles  south  from  the  Franklin  county  line.  The 
thickness  of  this  deposit  in  Franklin  county  is,  over  consider- 
able areas  in  Ross,  West  Fork,  Reeve  and  Osceola  townships, 
sufficient  to  disguise  largely  pre-existing  features  and  to  exert 
a  ruling  influence  on  the  present  topography.  Away  from  the 
streams  in  the  townships  mentioned  the  land  surface  is 
in  general  level,  often  monotonously  so  for  miles, 
the  characteristic  lowan  drift  plain.  This  is  especially 
true  of  portions  of  Ross  and  West  Fork  townships.  The  sur- 
face is  occasionally  broken  by  the  trenching  of  the  smaller 
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streams  whose  valleys  are  seldom  cut  to  any  considerable  depth 
however,  without  exposing  the  underlying  shales  or  limestones. 
The  landscape  is  occasionally  varied  by  the  presence  of  the 
usual  large  fresh  granite  bowlders  which  characterize  this  drift. 
In  the  vicinity  of  the  larger  streams  and  in  fact  over  a  good 
share  of  Mott,  and  especially  in  Ingham  and  Geneva  townships, 
the  land  surface  is  more  hilly  and  rugged.  This  would  be  ex- 
pected as  a  result  of  the  down-cutting  of  the  streams  no  matter 
what  the  material  in  which  they  had  to  work;  but  here  the 
relief  is  due  very  largely  to  the  outcropping  or  barely  covered 
ledges  of  Kinderhook  limestone.     Along  the  West  Fork  of  the 


Fitr.  52— Red  granite  bowlder  of  lowan  aire.  Southwest  Section  26,  Reeve  township, 
on  the  farm  of  Mr.  Jacob  Kurtz. 


Cedar  river  the  Devonian  strata  are  responsible  for  many  of  the 
prominent  topographic  features.  East  of  this  river  hills  of 
limestone  underlain  with  shales  form  the  bounding  walls  of  the 
valley,  and  outcrops  are  common  in  the  northwest  part  of  West 
Fork  township.  The  area  westward  from  this  stream  to  the 
border  of  the  Carboniferous  rocks  has  the  characteristic  mild 
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topography  of  the  Lime  Creek  shales,  somewhat  modified  by 
the  lowan  drift  and  loess,  and  is  in  contrast  with  the  more  pro- 
nounced reliefs  imparted  by  the  Kinderhook  limestone  as  will 
be  later  noted. 

The  practical  absence  of  the  earlier  Kansan  drift  as  a  factor 
of  topographic  importance  may  be  accounted  for  by  erosion 
preceding  tlie  lowan  stage.  The  indurated  rocks  are  therefore 
the  chief  determining  factors,  but  these,  while  commonly  out- 
cropping on  the  hill  slopes  and  along  the  borders  of  the  river 
valleys,  are  universally  capped  with  a  thin  layer  of  drift  and 
a  greater  or  less  thickness  of  loess. 

The  occurrence  of  loess  overlying  lowan  drift  has  been  re- 
corded by  Caivin  in  Mitchell  county,*  by  Beyer  in  Marshal  If  and 
by  Savage  in  Tama:}:  and  Fayette**  counties,  and  is  known  at 
various  other  points  in  the  lowan  drift  area.  It  is  usually  but 
a  thin  veneer  and  seldom  sufficient  to  exert  a  controlling  influ- 
ence on  topography.  Tn  the  portion  of  the  lowan  drift  area 
in  Franklin  county  just  outlined,  however,  the  characteristics 
of  typical  loess  topography  are  unmistakeable.  While  the 
lowan  is  in  most  places  in  this  county  covered  with  a  loess-like 
material,  it  is  here  only  that  its  presence  becomes  conspicuously 
noticeable.  A  series  of  loess  covered  hills,  growing  in  promi- 
nence northwestward,  extends  from  the  county  line  in  east  Ing- 
ham to  the  southeast  corner  of  Ross  township.  The  hills  are 
supported  by  limestone  and  represent  the  extreme  northeasterly 
outliers  of  the  Kinderhook.  The  more  prominent  eminences 
rise  frequently  fifty  to  sixty  feet  above  water  in  the  streams. 
A  similar  series  of  hills  extends  across  northern  Geneva'  into* 
the  southern  part  of  Mott  township.  They  are  also  to  be  found 
south  of  Mayne  Creek  in  Geneva  and  north  Osceola  townships. 
In  general,  the  larger  streams  are  skirted  by  loess-erosional 
hills  of  this  type. 

In  some  respects  these  land  forms  resemble  the  paha  des- 
cribed by  McGee§  as  occurring  in  Delaware,  Fayette,  Bremer, 
Benton  and  other  counties  in  this  section  of  the  state.     The 


•18th  Ann.  R*»p  ,  Iowa  G*»ol.  8urvey,p.  329. 
fzth Drift  Map. 


tiath     •*        ••  *•  "  "p.  212. 

**l/ith    "        "  *•  *'  *'       p.  580. 

KPleibtocene  History  Northeastern  Iowa,  11th  Ann.  Rept.  U.  8.  Q.  8.,  Pt.  I,  pp.  404. 
461  and  457. 
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nuclei  of  such  elevations  are  of  indurated  rocks,  they  are  always 
crowned  with  loess  and  stand  at  times  considerably  above  the 
level  of  the  surrounding  drift  plain.  T.  E.  Savage*  describes 
the  paha  of  Benton  county  as  being  hills  of  Kansan  drift  which 
were  surrounded  by  the  lowan  ice  but  were  not  submerged. 
Neither  this  explanation  nor  that  of  McGee  which  considered 


Fii;.  53    An  isolated  knob  of  Kinderhook  limestone  in  the  valley  of  Mayne  Creek. 
Section  18,  Geneva  township. 

them  due  to  glacial  erosion  of  the  drift  or  of  the  underlying 
indurated  rocks  appears  to  be  applicable  to  the  hills  in  Frank- 
lin county.  Wherever  observed  in  section,  a  moderately  heavy 
mantle  of  loess  rests  on  lowau  drift,  which  is  usually  thin,  and 
reposes  directly  on  the  limestone  of  the  Kinderhook.  There  is 
no  evidence  of  ice  moulding  in  the  contours  of  the  surface.  The 
lowan  ice  appears  to  have  spread  a  thin  stratum  of  detritus 
over  hill  and  valley  alike  but  not  .fi:reat  enough  in  amount  to 
conceal  the  irregularities  of  the  pre-Iowan  land  surface.  The 
nuclei  of  limestone,  probably  shaped  to  some  extent  by.  the 
movement  of  the  ice  upon  them,  and  standing  somewhat  above 
the  average  level  of  the  plain,  were  then  objects  or  obstacles 
upon  and  around  which  the  accumulation  of  the  fine  grained, 
wind  drifted  loess  materials  seems  to  have  taken  place. 

♦Iowa  Qeolosricai  Survey,  Ann.  Rep.,  Vol.  XV,  p.  142. 
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WISCONSIN  DRIFT  ABEA. 

Essentially  five-eighths  of  the  area  of  the  county  are  included 
in  the  region  occupied  by  the  Wisconsin  drift.  This  region 
displays  two  types  of  surface,  the  hilly,  knobby  tracts  of  the 
Altamont  and  Gary  moraines  and  the  relatively  level  drift 
plain. 


Fifir-  54— Wisconsin  drift  showins:  firravel  pockets,  Chicafiro  Great  Western  Railway 
cut  two  miles  west  of  Hampton. 

The  Moraines. — The  eastern  border  of  the  Wisconsin  area  is 
in  general  marked  by  a  belt  of  hilly  country  varying  in  width 
from  two  to  seven  miles.  In  Richland  and  north  Marion  town- 
ships it  has  an  average  width  of  four  to  five  miles,  broadening 
southward  so  as  to  include  practically  the  southern  half  of 
Marion  and  nearly  three  square  miles  in  the  southwest  comer 
of  Mott  township.  This  outer  zone  of  hills  narrows  in  its 
course  to  the  southeast  across  Reeve,  and  in  Grant  and  Osceola 
townships  is  but  two  and  a  half  to  three  miles  wide. 

The  hills  in  this  morainal  area  are  not  prominent,  and  the 
topography  grows  milder  to  the  westward,  gradually  merging 
into  the  drift  plain.  This  is  especially  true  in  Richland,  Marion 
and  Grant  townships.  Passing  from  the  lowan  to  the  Wisconsin 
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drift  there  is  a  rise  in  elevation  of  from  twenty  to  eighty  or 
ninety  feet,  the  most  noticeable  relief  being  in  the  northern  part 
of  Reeve  township.  Here  the  rise  is  rapid  to  the  summits  of 
conspicuous  ridges  of  drift  that  were  deposited  close  to  the  ice 
border,  and  beyond  which  a  fairly  high  slope  leads  to  the  level 
of  the  drift  plain  in  north  Hamilton  township.  Throughout  this 
morainal  tract  the  surface  is  one  of  mounds  and  rounded  hills, 
knob-like  In  places,  composed  mostly  of  gravelly  drift,  and  inter- 
spersed with  ponds  and  marshy  depressions.  In  fact,  the  pres- 
ence of  the  latter  must  in  some  localities,  for  example  west  of 
Hampton  in  southwest  Mott  township,  be  largely  depended  on 
to  establish  the  position  of  the  edge  of  the  Wisconsin.  Occa- 
sional kame-like  hills  are  found  in  portions  of  the  moraine 
which,  where  they  have  been  dissected,  prove  to  be  composed  of 
partially  stratified  gravel  and  sand.  Such  are  common  in  south- 
west Marion  township. 

The  belt  just  described  may  be  termed  the  outer  moraine  in 
contrast  to  the  more  pronounced  marginal  topography  in  the 
southwest  townships  of  the  county,  and  marks  tlie  extreme  limit 
of  the  eastward  advance  of  this  ice  sheet.  To  the  west,  and 
occupying  portions  of  Morgan,  Oakland,  Hamilton,  Lee  and 
Grant  townships  is  a  series  of  crescentic  ranges  of  morainal 
hills  which  exhibit  on  a  grand  scale  the  features  of  a  terminal 
moraine.  Reference  to  the  Pleistocene  map  will  show  the  posi- 
tion of  the  principal  ridges.  They  as  a  rule  fade  away  into 
the  general  upland  to  the  north  and  cannot  be  traced  far  in  this 
direction. 

From  the  main  range,  which  enters  the  county  at  the  middle 
of  the  west  side  of  Morgan  township  and  is  two  miles  wide,  spurs 
lead  off  into  north  central  Morgan  and  into  west  Hamilton 
townships.  A  more  or  less  connected  series  extends  from  north- 
west Grant  into  southern  Hamilton  township.  The  central 
range  extends  through  southern  Morgan,  across  the  northeast 
comer  of  Oakland  and  then  swings  due  eastward  across  central 
Lee  township  where  it  joins  with  the  spur  from  the  northwest 
already  mentioned.  A  crescentic  spur  from  the  main  chain 
extends  southeastward  into  east  Oakland,  and  a  similar  though 
more  prominent  one,  through  south  central  Lee  and  into  Hardin 
county. 
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Warren  Upham  has  the  following  regarding  the  nature  of 
this  portion  of  the  moraine;*  *'This  belt  is  very  rough,  with 
many  hillocks  and  short  ridges,  generally  trending  in  the  same 
direction  with  the  series,  composed  of  till  with  abundant  bowl  - 
ders,  and  divided  by  depressions  which  often  contain  sloughs  or 
lakelets.  Its  height  is  fifty  to  seventy-five  feet  above  the  smooth 
areas  of  till  on  each  side,  and  about  one  hundred  feet  above 
the  Iowa  river/'  The  series  of  hills  comprising  this  inner 
moraine  is  conspicuous  for  miles  when  approached  from  the 
north  and  especially  so  where  they  cross  Lee  township.  In  the 
northern  part  of  this  townsliip  is  an  area  five  or  six  miles  long 
by  one  mile  wide  known  as  the  ''Big  Slough''.  A  body  of  water 
of  some  size  seems  to  have  been  confined  here  at  some  former 
time  by  the  wall  of  high  drift  hills  to  the  south.  One  of  the  head- 
waters of  Mayne  Creek  now  flows  through  this  depression. 

The  morainal  features  just  described  undoubtedly  mark  the 
position  of  portions  of  the  ice  margin  during  extended  halts 
in  the  recession  of  the  Wisconsin  glacier.  There  appears  to 
be  little  of  system  in  the  arrangement  of  these  ridges,  but  in  gen- 
eral it  may  be  noted  that  the  spurs  leading  from  the  central 
belt  are  concave  to  the  west  and  that  as  a  rule  the  more  abrupt 
slope  is  to  the  east.  The  inner  moraine  closely  approaches  the 
outer  in  Hamilton  and  Reeve  townships,  but  southwestward  it 
again  departs  in  its  course  through  western  Hardin  county. 
Traced  southward,,  it  can  be  connected  with  the  concentric 
chains  of  hills  in  northern  Story  county,  which  are  recognized 
as  belonging  to  the  Gary  moraine,  t  The  Gary  moraine  rep- 
resents a  stage  in  the  melting  of  the  ice  when  its  southern  point 
stood  at  Mineral  Ridge  in  northern  Boone  county  and  the  posi- 
tion of  the  east  edge  of  the  lobe  at  that  time  is  marked  by  a 
more  or  less  continuous  series  of  hills  and  mounds  paralleling 
the  outer  moraine,  the  Altamont,  and  at  times  merging  with  it. 

In  the  northeast  corner  of  Hancock  county  it  separates  from 
the  maze  of  hills  of  the  Altamont  and  the  Antelope  moraine  of 
Upham,  to  approach  the  former  again  in  southern  Franklin 
county.  From  here  the  two  distinct  moraines  again  stretch 
southw^ard  to  join  once  more  in  northeast  Story  county. 

•9th  Ann.  Rep.  Geol.  and  Nat.  Hist.  Surv.  Minu..  p.  303, 1881. 

ISee  8    W.  Beyer.  Iowa  Geol.  Survey,  Vol.  X,  p.  28  and  Vol   IX,  p   161. 
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Wisccmsin  Drift  Plain. — Outside  of  the  morainal  belts  the 
surface  of  the  drift  is  substantially  a  plain  varied  only  by  occa- 
sional low  ridges  of  drift  or  knobs  of  sand  and  gravel  and  the 
usual  numerous  ponds  and  marshy  places.  Drainage  is  practic- 
ally lacking,  except  in  close  proximity  to  tlie  larger  streams. 
Such  is  the  topography  of  Wisner  and  Scott  townships.  Por- 
tions of  Morgan,  Hamilton,  Oakland,  Lee  and  Grant  townships 
are  to  be  included  in  the  drift  plain,  but  the  relief  is  in  general 
greater  because  of  the  more  or  less  promiscuous  disposition  of 
the  morainal  hills  in  these  tow^nships.  South  of  the  Iowa  river 
in  Oakland  township  the  surface  is  unusually  level,  and  shal- 
low ponds  and  ^sour'  places  in  the  land  are  common. 

ALTITUDES. 

In  the  following  table  is  compiled  a  list  of  the  elevations  of 
some  of  the  principal  points  of  the  county. 


LOCALITY. 


N.  Co.  line,  one  mile  K.  of  N.  W.  corner.. 

Alexander 

W.  Co.  line,  C.  G.  W.  Ry 

Coulter.. 

Hampton 

Hampton  — 

Hansell 

E.  Co.  line.  C.  G.   W.  Ky 

Dows 

Popejoy 

Burdette 

Sheffield 

Chapin 

Geneva 

Kaulkner 

Ackley 


ALTITUDE  A.  T-       AUTHORITY 


1:^56  feei 
1261 
1239 
1239 
1137 
1151 
1029 
991 
1167 
1176 
1196 
1084 
1165 
1110 
1113 
1103 


C.  G.  W.  Ky. 

I.  C.  Ry. 

C.  G.  W.  Ry. 


[.  C.  Ry. 
C.  G.  W.  Ry. 

C.R.I.&P.Ry. 


(.  C.  Ry. 


The  localities  in  the  al)ove  list  which  have  the  greatest  alti- 
tude are  in  the  west  and  northwest  portions  of  the  county. 
They  are  situated  on  the  Wisconsin  drift  plain.  The  part  of  the 
county  occupied  by  this  newer  drift  averages  seventy-five  feet  higher 
than  the  lowan  drift  area.  No  elevations  are  given  of  the  high- 
est portions  of  the  morainal  areas.  It  is  safe  to  say  that  numer- 
ous i)oints  could  be  found  in  the  moraine  in  Reeve,  Morgan 
and  Lee  townships  with  altitudes  at  least  fifty  feet  greater  than 
the  highest  figures  given  in  the  table. 
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DRAINAGE. 

The  drainage  of  the  county  may  be  considered  with  reference 
to  the  two  drift  sheets  which  occupy  its  territory.  There  is  a 
marked  difference  in  the  development  of  the  streams  in  these 
two  provinces.  With  the  exception  of  the  Iowa  river,  all  the 
streams  of  any  considerable  size  are  practically  confined  to  the 
lowan  drift  area.  Some  of  these  head  in  the  ponds  and  marshes 
of  the  Wisconsin  drift  but  the  areas  drained  by  such  headwaters 
are  verv  limited. 


Fi?.  55— The  grlacial  pond  and  modern  method  of  its  elimination. 

\'iow(Hl  as  a  wlioh^,  the  general  direction  of  the  streams  indi- 
cates the  slope  of  the  country  to  be  to  the  southeast.  The  figures 
given  in  the  table  likewise  suggest  an  inclination  in  this  same 
genei'al  direction.  The  maximum  difference  in  elevation  be- 
tween any  two  points  mentioned  is  two  hundred  seventy  feet 
between  Alexander  and  the  county  line  at  the  east  side  of  Ing- 
ham township,  giving  a  gradient  of  approximately  ten  and  one- 
half  fei^t  to  the  mile. 

All  the  streams  in  \h^  county,  excepting  the  Iowa  river,  belong 
to  the  Cechir  river  system.  The  West  Fork  of  the  Cedar  is  the 
l)arent  river  and,  while  not  the  chief  drainage  way,  is  joined 
before  it  reaches  the  Cedar  by  Hartgrave  and  Mayne  creeks, 
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the  most  important  waterways  in  the  county.  Beaver,  with  its 
branches,  which  tap  a  small  area  in  the  southeast  corner  of  the 
county,  flows  directly  into  the  Cedar  in  Black  Hawk  county 
some  distance  below  its  confluence  with  the  West  Fork. 

West  Fork  of  Cedar  River. — This  river  with  its  several  small 
tributaries,  of  which  Bailey  Creek  is  the  most  important,  drains 
West  Fork  and  Ross  townships.  It  is  the  largest  stream  in  the 
lowan  drift  area,  and  traverses  a  broad  depression  excavated 
in  this  drift  and  the  shales  of  the  Lime  Creek  formation.  It 
has  long  since  ceased  down-cutting  and  is  now  widening  its 
valley  by  a  process  of  tortuous  meandering.  The  stream  is 
skirted  in  places  by  narrow  belts  of  alluvium  which  is  found  to 
overlie  stratified  sand  and  gravel.  Broad  gravel  terraces  bor- 
der the  stream  channel  throughout  its  coui'se  in  the  county.  At 
the  north  line  of  section  two,  Koss  township,  where  West  Fork 
enters  the  county,  this  terrace  is  twelve  to  fifteen  feet  above  the 
flood  plain  and  lies  to  the  west  of  the  stream.  In  section  18, 
West  Fork  township,  it  is  ten  feet  and  although  it  is  in  evidence 
in  places  as  low  ridges  in  the  stream  valley  until  the  east 
county  line  is  reached,  it  thins  almost  to  disappearance. 

Bailey  creek  enters  the  county  near  the  northeast  corner  of 
Richland  and,  flowing  southeastward  across  northern  Ross,  joins 
the  West  Fork  of  the  Cedar  in  section  19  of  West  Fork  town- 
ship. It  is  normally  a  small  stream  and  occupies  a  narrow 
alluvial  valley,  but  it  has  the  reputation  of  rising  very  rapidly 
at  times  without  warning,  and  accomplishing  considerable  dam- 
age by  its  overflow.  A  level  gravel  terrace  flanks  this  stream 
to  the  north.  The  town  of  Shefiield  is  situated  on  this  terrace 
which  is  here  over  a  mile  in  width.  The  gravels  border  Bailey 
creek  to  its  union  with  West  Fork,  and  the  coalescence  of  the  two 
gravel  benches  here  forms  a  very  level  wedge  shaped  tract  of 
considerable  extent.  Several  smaller  branches  effect  the  drain- 
age of  southern  Ross  township  and  enter  the  West  Fork  below 
the  confluence  of  Bailey  creek  in  West  Fork  township. 

Hartgrave  creek, — Hartgrave  creek  is  formed  by  the  union 
of  Otter,  Spring  and  Squaw  creeks  in  southwest  Ingham  town- 
ship. 
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The  headwaters  of  Otter  creek  come  from  the  Wisconsin  drift 
in  the  northwest  part  of  the  county.  Within  this  area  they  are 
aimlessly  meandering  prairie  stream's  which  accomplish  little 
more  in  the  way  of  drainage  than  to  connect  a  series  of  swales 
or  marshes,  Buffalo  creek,  which  rises  in  southeast  Wisner 
and  flows  across  northern  Marion  township,  is  the  most  im- 
portant branch.  Outside  of  the  moraine  Otter  creek  is  confined 
within  valley  walls  of  Kinderhook  limestone,  which  is  found 
outcropping  at  intervals  along  its  entire  course. 

Spring  creek  takes  its  rise  in  southeast  Scott  and  leaves  the 
Altamont  moraine  in  western  Mott  township.  It  has  a  flood 
plain  of  moderate  width  outside  of  the  moraine  through  Mott 
and  into  Ingham  townships  and  is  rock- bound  with  frequently 
outcropping  ledges  of  limestone. 

The  source  of  Squaw  creek  is  in  the  morainal  belt.  It  mean- 
ders amongst  the  limestone  hills  of  southwest  Mott  township 
as  though  leisurely  seeking  a  line  of  least  resistance.  This 
stream  seems  not  to  have  been  an  important  waterway  during 
the  melting  of  the  Wisconsin  ice  nor  to  have  been  long  estab- 
lished in  its  present  position;  for  there  is  no  sign  of  the  usual 
gravel  deposit,  and  its  channel  is  immediately  bounded  by  lowan 
drift  which,  with  a  loess  covering,  overspreads  the  pre-glacial 
features  of  the  Kinderhook. 

Otter  and  Spring  creeks,  outside  of  the  Wisconsin  drift, 
occupy  pre-Iowan  depressions  and  their  valleys^  are  marked  by 
the  presence  of  Wisconsin  gravel  trains.  As  a  general  rule 
the  gravel  benches  disappear  at  the  Wisconsin  border,  but  con- 
spicuous terraces  are  to  be  observed  along  both  Spring  and 
Buffalo  creeks  in  Marion  township  some  distance  within  the 
border  of  this  drift.  It  is  to  be  noted  also  that  the  gravels 
grow  finer  and  are  more  perfectly  assorted  as  the  distance 
eastward  from  the  moraine  increases.  In  sections  23  and  24 
of  Mott  township  a  broad  flat  connects  the  valleys  of  these  two 
creeks  which  here  approach  each  other  to  within  one  mile.  A 
spur  of  loess  covered  limestone  hills  along  the  east  edge  of 
section  24  intervenes  and  the  streams  separate  to  join  some  four 
miles  bevond  to  the  southeast. 
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Again  in  section  33,  Ingham  township,  a  broad  flat  leads 
southward  from  the  valley  of  Hartgrave  creek  across  sections 
4  and  9  of  Geneva  township  and  merges  with  the  valley  of  Mayne 
creek.  This  flat-bottomed  depression  is  l)ounded  by  loess  cap- 
ped limestone  hills.  It  lacks  drainage,  and  ponds  are  so  numer- 
ous that  cultivation  is  for  the  most  part  impossible.  The  gravel 
terraces  become  broader  and  more  consi)icuous  along  Hartgrave 
creek  proper  in  the  southeastern  part  of  Ingham  township,  but 
their  height  above  the  flood  plain  level  of  the  creek  diminishes 
to  practically  zero  at  its  exit  from  the  county.  This  stream 
occupies  a  very  wide  erosional  depression,  out  of  proi)ortion. 
it  would  seem,  to  its  present  volume  and  capacity  to  do  work. 
This,  the  main  stream,  together  with  its  two  i)rincipal  con- 
tributary  branches,  flows  in  an  ancient  valley  which  the  dejio 
sition  of  detritus  by  the  lowan  glacier  failed  to  obliterate. 

Mayne  creek, — Mayne  creek  issues  from  the  moraine  in  sec- 
tion 26  of  Eeeve  township.  It  has  two  princij^al  branches  in 
the  AVisconsin  area  which  unite  in  section  29,  lieeve  township. 
These  are  prairie  streams  with  their  sources  in  the  hills  and 
ponds  of  the  inner  moraine.  The  course  of  Mayne  creek  through 
the  Altamont  moraine  in  Reeve  township  is  somewhat  sinuous. 
It  has  not  only  excavated  its  way  through  the  hills  of  AVisconsin 
drift  but  has  eroded  deeply  into  the  Kinderhook  rocks  of  the 
Lower  Carboniferous.  The  valley  is  densely  wooded  in  this 
portion  of  its  course.  Outside  of  the  moraine  this  stream  flows 
in  a  wide  depression  and  is  skirted  by  gravel  terraces.  The  lat- 
ter fail  in  western  Geneva  township,  and  the  trend  of  the  val- 
ley is  such  as  to  lead  into  the  large  bayou  depression  already 
mentioned  as  extending  northward  in  northern  Geneva  town- 
ship to  the  valley  of  Hartgrave  creek.  The  valley  occui)ied  by 
Mayne  creek  to  this  point  is  earlier  than,  and  out  of  proportion 
to  the  size  of  the  present  stream.  Through  sections  10,  11  and 
12,  Mayne  creek  flows  in  a  valley  seldom  over  a  third  of  a  mile 
in  width  and  one  of  which  the  stream  is  unquestionably  the 
author. 

It  is  plain  that  an  adjustment  in  the  drainage  lines  has  taken 
place  in  this  vicinity  during  glacial  times.  The  lower  part  of 
the  course  of  Majme  creek  through  eastern  Geneva  township  is 
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not  that  followed  by  its  pre-glacial  ancestor.  The  main  chan- 
nel was  then  through  the  depression  opening  northward  into 
Hartgrave  creek;  and  Mayne  creek  through  some  exigency  of 
glacial  movement  has  been  diverted  from  this  ancient  course. 
The  diversion  of  Mayne  creek  will  also  aid  to  some  extent  in 
explaining  the  lack  of  harmony  between  the  breadth  of  the  valley 
of  Hartgrave  creek  and  the  size  of  the  stream.  Doubtless  a  mas- 
ter stream  occupied  this  wide  valley  prior  to  the  lowan  ice  and 
received  tribute  from  an  even  larger  tributary  than  the  present 
Mayne  creek. 

Beaver  creek. — The  surplus  waters  in  Osceola  township  are 
removed  by  Beaver  creek  and  a  number  of  small  tributaries. 
The  source  of  the  Beaver  is  in  Grant  township  where  it  effects 
a  partial  drainage  of  the  eastern  portion.  The  remainder  of 
Grant  township  has  no  well  developed  drainage  lines.  Osceola 
township  is  but  thinly  covered  with  lowan  drift  so  that  the 
stream  courses  outside  of  the  Wisconsin  are  universally  eroded 
in  the  limestone.  Beaver  creek  itself  is  the  only  stream  of 
appreciable  size.  In  it  the  limestone  is  obscured  by  the  loess 
and  glacial  gravels  which  skirt  it  eastward  from  the  Wisconsin 
border.  It  has  no  flood  plain  of  mapable  width,  but  flows  over 
a  limestone  bed  in  the  lower  part  of  its  course  in  the  county  as 
vlo  its  tributaries  to  the  north  of  it,  which  meet  the  Beaver  in 
Butler  county  to  the  east. 

Iowa  River, — This  river  is  itself  the  only  representative  of 
the  Iowa  river  system  in  this  county.  From  its  random  meander- 
ings  among  the  mounds  and  hills  of  the  Gary  moraine  in  Wright 
county,  it  enters  Morgan  townshij),  Franklin  county,  two  miles 
from  its  southern  border  and  with  a  bold  curve  in  the  southwest 
corner  of  this  township  leaves  it  still  one-half  mile  north  of  this 
same  boundary.  The  town  of  Dows  is  situated  in  the  curve  to 
the  west  of  the  river,  the  main  part  of  the  corporation  being 
in  Wright  county.  With  minor  meanders  along  the  county  line 
on  the  west  side  of  Oakland,  the  Iowa  river  angles  across  the 
southwest  corner  of  the  township  from  the  middle  point  of  its 
west  boundary  to  an  exit  into  Hardin  county  one  mile  west  of  the 
southeast  corner.  The  Iowa  river  here  is  much  diminished  in 
size  as  compared  with  the  same  stream  outside  of  the  morainal 
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district.  It  has  no  confluents  of  any  importance  and 
flows  in  a  shallow  channel  in  the  Wisconsin  drift  plain. 
In  places  some  alluviimi  has  been  put  down  and  at 
intervals  along  its  course  heavy  deposits  of  gravel  have 
been  made  use  of  for  road  materials.  From  the  river 
the  land  gradually  rises  to  the  northeast  to  the  mor- 
ainal  belt  in  northeast  Oakland  and  Morgan  townships;  while 
to  the  south  the  level  drift  plain  stretches  beyond  the  limits  of 
the  county. 

Briefly  recapitulating,  the  sufficiency  of  the  drainage  in 
Franklin  county  is  seen  to  bear  a  direct  relation  to  the  two  till 
shoot-  tlr^t  cover  it.  The  Towan  drift  area,  including  much  of 
the  east  half  of  the  county,  has  nearly  perfect  drainage.  Instan- 
ces of  arrested  stream  development  during  glacial  times  Have 
been  noted  and  areas  thus  affected  are  today  not  well  drained. 
Another  exceptional  case  of  this  nature  is  to  be  observed  in  sec- 
tions 24  and  25  of  West  Fork  township,  where  low  sand  ridges 
bar  the  natural  flow  of  the  meteoric  waters,  and  ponded  open 
water  in  places  stands  barely  separated  from  a  moderate  sized 
stream.  Streams  of  importance  are  sparsely  distributed  in  the 
Wisconsin  drift  area.  Pre- Wisconsin  drainage  lines  were  oblit- 
erated by  this  ice  sheet  and  those  now  present  are,  with  possibly 
Iowa  river  excepted,  superimposed  and  flow  out  to  the  east  upon 
the  lowan  drift  plain.  The  western  tier  of  townships  practically 
lacks  drainage,  with  the  exception  of  the  parts  of  Morgan  and 
Oakland  townships  that  lie  on  the  slopes  of  the  Iowa  river 
depression. 

STRATIQBAPHY. 

General  Belations. 

The  geological  formations  in  the  region  under  consideration 
belong  to  three  distinctly  separate  ages,  representing  two  of 
the  major  divisions,  or  eras,  of  geological  time.  The  Devonian 
rocks  which  underlie  the  northeastern  portion  of  the  county 
and  the  Lower  Carboniferous  limestones  occupying  the  remain- 
der belong  to  the  Paleozoic  era.  The  region  has  been  land  sur- 
face since  its  elevation  from  the  sea  bottom  at  the  close  of  the 
Carboniferous  and  no  deposits  are  present  representing  the 
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enormous  lapse  of  Mesozoic  time.  The  till  sheets  which  over- 
spread all  the  older  formations  mark  a  period  of  recent  dynamic 
activity.  These'  glacial  deposits  were  made  in  the  later  part, 
or  Quaternary  age,  of  the  Cenezoic  era,  and  belong  to  the  geo- 
logical time  period  in  a  later  portion  of  which  we  now  live. 

In  accordance  with  the  general  trend  of  the  indurated  rocks 
of  Iowa,  the  members  of  the  older  series  of  rocks  in  Franklin 
county  overlap  each  other  with  a  gentle  dip  to  the  southwest  and 
with  a  line  of  outcrop  extending  in  a  northwest-southeast  direc- 
tion. Exposures  of  these  rock^  are  abundant  alon^  all  the  prin- 
cipal streams  in  the  lowan  drift  area  and  aside  from  their  geo- 
logical interest  are  of  local  economic  importance. 

A  synopsis  of  the  time  periods  and  the  corn\sponding  rock 
formations  that  are  represented  in  Franklin  county  is  arranged 
in  the  subjoined  table : 

SYNOPTICAL  TABLE. 


QBOUP 

SYSTEM 

SEBIBS 

1 

STAGE                         FORMATION 

Cenozoic 

Pleistocene 

Recent 

Alluvium 

Sand  and  gravel 

Glacial 

Wi'^coti'^in 

Drift 

lowan 

Loess 
Drift 

Carboniferous 

Mis5^issippian 

Kinderhook 

Limestone 
Shales 

Paleozoic 

Devonian 

Upper 
Devonian 

Lime  Creek 

Owen 

Limestone 

Shale 
Hackberry 

Shales 

Middle  De- 
vonian 

Cedar 
Vallfv 

Mason  City  dolo- 
mite 

The  deep  well  at  Hampton  affords  the  only  information  ob- 
tainable regarding  the  strata  older  than  the  Dovonian,  that 
underlie  the  county.  Professor  W.  H.  Norton  has  kindly  fur- 
nished the  following  record  of  the  strata  penetrated,  with  inter- 
pretation. 
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CITY  WELL.  HAMPTON.  IOWA. 

SAMPLB  NO.  DBPTH  OP  SAMPLE. 

FBBr 

65       Till .  pale  yellow 20 

64.     Sand,  ocher-yellow,  with  ochreous  clay 40 

63      Shale,  blue 60 

62.  LimestoDe,  bluish-gray,  subcrystalline,  of  rapid  effervescence 
in  cold  dilute  HCl;  in  coarse  chips.  Kragmentsof  calc  spar 
and  sparry  surfaces  indicate  that  the  rock  is  geodiferens. 
Platy  fragments  of  drusy  pyrite  are  fouod  and  in  some  the 

pyrite  alternates  with  laminae  of  black  coaly  shale 80 

61.     Shale,  blue;  samples  at  100,  120  and 140 

60.  Limestone,  dark  greenish  gray,  earthy,  of  brisk  effervescence, 
wiih  arf^illaceous  residue;  in  large  chips,  with  some  frag- 
ments of  white  finegrained  crystalline  limestone 160 

59.  Limestone,  dark  drab,  finegrained,  crystalline,  hard,  residue 
black,  moderately  brisk  effervescence,  containing  micro- 
scopic grains  of  crystalline  quartz 180 

58.  Limestone,  white,  compact,  earthy  luster,  also  gray  and 
cream-colored,  saccharoidal,  in  small  chips  and  with  much 
argillaceous  admixture.     Effervescence    moderate,    residue 

large,  argillaceous  and  microscopically  quartzose 200 

57      Shale,  greenish,  biisk  effervescence   220 

56.     Limestone,  white,  earthy,   in  fine    sand,  with   some  chips   of 

shale  240 

55.     Shale,  greenish;  samples  at  260  and 280 

54.     Limestone,    white,    brisk   effervescence,    crystalline,    in    fine 

sand  masked   by    argillaceo  calcareous   powder 300 

51.  Limestone,  vari-colored:dark  bluish,    saccharoidal,     efferves- 

cence moderate,  argillaceous  residue;  and  buff,  sub-crystal- 
line, finegraiued;  compact,  of  brisk  effervescence  and  little 
residue   320 

52.  Limestone,  light  gray,  fine-grained,  subcrystalline,  subirans- 

lucent,  of  rapid  effervescence,  in  large  flakes 340 

51.  Limestone,  drab,  much  dark  argillaceous  residue,  efferves- 
cence moderate 360 

50.  Limestone,  light  gray,  dense  and  fine  grained,  sub-crystal 
line,  of  brisk  effervescence;  with  some  chips  of  greenish, 
soft  saccharoidal  limestone 380 

49.     Limestone,  light    buff,  soft,    corapict,  earthy,    effervescence 

brisk 400 

48.     Limestone,  light  bluish  and  light  buff,  of  brisk  tffervescence, 

hard 420 

47.     Limestone,  light  brownish,    soft  earthy,    brisk  effervescence, 

argillaceous  residue 440 

46.  Limestone,  bluish  gray,  earthy  luster,  fine-grained  and  com- 
pact, brisk  effervescence  and  dark  argillaceous  residue 460 

45  Limestone,  blue  gray,  effervescence  rather  slow,  large  clayey 
residue;  drillings  contain  also  fragments  of  fossiliferous 
green  shale 480 

44.  Limestone,  gray,  sub-crystalline,  in  angular  sand,  efferves- 
cence brisk 500 
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BAMPLB  NO.  DEPTH  OF  SAMPLE . 

FEET. 

43      Limestone,    cream    colored,  very   soft,    earthy,    effervescence 

moderate;  some  drab,  arg^illaceous 520 

43      Limestone,  li8;ht  blue-gray,  soft,  rather  large  clayey  residue, 

effervescence  moderate 540 

41.     Limestone  as    No.  42,  but    with  chips  of  chert  and    silicecus 

limestone  and  of  drab  argillaceous  limestone 560 

40.     Limestone,  white,  soft,  rapid  effervescence,  subtranslucent.  .580 

39.     Shale,  light  chocolate- brown,  calcareous 600 

38.     Shale,    reddish,  no    reaction   for  carbon   or  hydrocarbons   in 

closed  tube 620 

37.     Shale,  light  greenish ,  calcareous 640 

36.  Limestone,  moderate  effervescence,  with  miich  powder,  argil- 
laceous  r 660 

^5.     Shale,  light  buff,  calcareous 680 

34.     Drillings  of    gray  chert,    greenish  shale   and  red   calcareous 

shale,  probably  fallen  from  above 700 

33.     Shale,  greenish 720 

32.     Sand,    of  vari -colored,    briskly   effervescent   limestone   with 

considerable  shale,  greenish 740 

3 1 .     Shale ,  dark  greenish ,  calcareous 760 

30.     Limestone,  white,  briskly  effervescent;  with  much  shale 780 

2».     Shale,  chocolate-brown;  buff  limestone;  considerable  yellow 

chert 800 

28.     Limestone,  gay  and  white,  brisk   effervescence;    with  much 

white  chert  and  argillaceous  powder,  samples  at   820   and  840 

27.     Shale,  green  and  brown ,  and  gray  chert  860 

26.     Limestone,  gray,  briskly  effervescent 880 

25.     Limestone,  cream  colored,  brisk  effervescence,  in    fine    sand 

with  much  argillaceous  powder 900 

24.     Limestone,  light  yellow,  highly  argillaceous;  samples  at   920 

and . .     940 

23.     Shale,  light  brownish,  calcareous    960 

22.  Limestone,  light  gray,  some  fossiliftrous;  cherty;  brisk  effer- 
vescence; in  chips  with  much  argillaceo-calcareous powder 
in  some  samples;  samples  at    980,  1000,  1020,    1040,    1060 

and 1080 

21.     Limestone,  gray,  of  rapid  effervescence.  1100,  1120 and. .   ..   1130 
20.     Green  shale,  with  corsiderable  fine  chippings  of   gray   lime- 
stone  1140 

19.     Green  shale  in  fine  chips,  indurated    1160 

18.  Sandstone,  white  grains  of  clear  quartz,  well  rounded,  com- 
paratively uniform  in  size,  sui faces  smooth;  with  some 
green  shale  probably  from  above;  samples   at    1180,    1200. 

1220  and 1240 

17.     Dolomite,  gray,  hard,  cheriy 1260 

16.     Dolomite,  gray,  cherty,  arenaceous 1280 

15.     Sandstone,  fine  grained,  white 1300 

14.     Dolomite,  light  buff  and  gray,  cherty,  samples  at  1320  and. .1340 
13.     Dolomite,  light  buff,  arenaceous,  considerable  quartz  sand 

in  drillings 1360 
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SAMPLE  NO.  DEPTH  OF  SAlffPLiB. 

FEBT. 

Dolomite,  gray,  arenaceous,  considerable  sand  in  drillings.  .1380 

Dolomite,  bluish  gra> 1400 

Dolomite,  bluish  gray;  and  sandstone,  large  part  of  drillings 

quartz  sand   1420 

Dolomite,  gray,  with  small  fragments  of    arenaceotm    dolo- 
mite and  quartz  sand 1440 

Sandstone  and  dolomite,  sandstone  of  St.  Peter  facies  (No  18) 

dolomite,  gray 1460 

Sandstone,  white,  fine  grained,    hard 1480 

Dolomite,  gray  and  white,  cherty;  samples  at  1500  and 1520 

Dolomite,  gray,  with  residue  of  cryptocrystailine  quartz 1540 

Dolomite,  blue-gray,  with  residue  as  above 1560 

Dolomite,  gray;  samples  at  1580,  16t)0  and   1620 

Sandstone,  of  clean ,  white,  well  rounded  grains  of  pure  quartz 

of  moderate  size;  samples  at  1640,  1660  and : . . .  1680 

Sandstone  as  No  2,  but  somewhat  harder  as  indicated  by  the 
larger  proportion  of  fractured  grain*?;  samples  at  1700  and  1709 

ASSIGNMENT  OF  STRATA. 


12. 
11. 
10. 

9. 


7. 
6. 
5. 
4. 
3. 
2. 

1. 


STAGE    OB   SUB- 
STAGE. 


THICKNESS, 
PBKT. 


65-64. 

63-55 

54-44. 

43-40. 

39-35. 

34-19. 

18 

17-11. 

10-7 
6-3  . 
2^1 


Pleistocene 

Mississippian   . . 

Devonian 

Silurian-  Devonian 

Maquoketa  

Galena-Trrnton  . . 

St.  Peter 

Upper   Oneota   or 

Shakopee 

New  Richmond   . .   • 

Lower  Oneota | 

Jord-^n         I 


52 
228 
240 

78 

82 
500 

68 

152 
80 

155 
74 


DEPTH, 
FEET. 


52 
280 

520 

598 

680 

1180 

1248 


1400 
1480 
'635 
1709 


ELEVATION  OF 

BASE  A.  T., 

FEET. 


943 
715 

475 

397 

315 

-185 

-253 

-405 
-485 
-640 
-714 


Tho  record  of  the  Aekley  well,  which  is  located  in  Hardin 
county  within  one  and  one-half  mile  of  the  southeast  corner  of 
Franklin  countv.  is  summarized  bv  Beyer  as  follows*: 


STAOK  OR   SUB-STAGE. 


Pleistocene    

Kinderhook , 

Linoe  Creek 

Devonian  (unclassified)  

Niagara 

Ms^quoketa 

Galena-Trenton 

Saint  Peter 

Upper  Oneota 

New  Richmond 

Lower  Oneota 

Jordan       • ._.  ._^ 

♦Iowa  Geol.  Survey,  Vol.  X.  p 


DEPTH. 
FEET 


ELEVATION  OF 
BASE  A.  T.p  FEBT. 


100 

1010 

3' '7 

803 

335 

775 

635 

.475 
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DEVONIAN  SYSTEM. 

LIME  CREEK  STAGE. 

Representatives  of  the  Devonian  system  are  the  country  rock 
in  approximately  one  and  one-half  townships,  including  portions 
of  Ross  and  Ingham,  and  nearly  all  of  West  Fork  townships,  in 
the  northeast  corner  of  the  county.  Only  beds  belonging  to 
the  Lime  Creek  stage  of  the  Upper  Devonian  are  present  and 
these  consist  mostly  of  magnesian  and  calcareous  shales  and 
limestones,  the  latter  likewise  usually  containing  magnesium 
in  varying  quantities.  Certain  of  the  shales  and  limestones  are 
highly  fossiliferous. 

The  uncertainty  as  to  the  proper  reference  of  bodies  of  shale 
which  lie  beneath  the  Kinderhook  limestone  will  be  noted  when 
the  rocks  of  that  stage  are  considered.  It  should  be  said  here, 
however,  that  on  account  of  the  similarity  of  the  strata  lith- 
ologically,  it  has  been  impossible  to  locate  definitely  the  dividing 
line  which  marks  the  upper  limit  of  the  Devonian.  Professor 
Calvin  has  emphasized  this  fact  in  mapping  the  border  of  the 
Kinderhook  in  Cerro  Gordo  county.  Fossils  alone  must  be 
largely  depended  on,  and  unless  good  exposures  are  abundant, 
difficulty  is  experienced  in  determining  the  exact  position  of 
the  border  line.  Fossils  were  collected  from  available  outcrops 
in  Franklin  county  of  the  rocks  belonging  to  both  stages  and 
the  plotting  of  the  limits  of  the  areas  was  based  chiefly  on  pale- 
ontological  evidence,  supported  in  some  degree  by  topographic 
and  lithologic  factors. 

Hackberry  shale. — The  Hackberry  beds  of  the  Lime  Creek 
stage  are  the  oldest  formation  exposed  in  the  county.  These 
shales  lie  immediately  beneath  the  drift  and  postglacial  depos- 
its in  a  large  portion  of  the  Devonian  area.  Bordering  the  east 
side  of  the  valley  of  the  West  Fork  of  the  Cedar  and  particu- 
larly conspicuous  in  the  northwest  part  of  West  Fork  township, 
the  limestone  of  the  Owen  beds  rests  upon  the  Hackberry  shales. 
No  exposures  were  examined  in  which  the  contact  between  these 
two  formations  was  evident  but  sections  of  each  were  frequently 
seen  in  close  proximity  to  each  other. 

The  best  exposures  of  the  Hackberry  beds  are  found  along 
Bailey  creek  (called  Beaver  creek  in  Cerro  Gordo  county)  in 
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Ross  township.  One-half  mile  south  of  Sheffield,  near  the  cen- 
ter of  section  9,  is  the  brick  and  tile  plant  of  Mr.  E.  P.  Fox.  The 
pit  section  shows  the  following  strata : 

FBBT. 

3.  Buff  to  yellow  shale,  slightly  magaesiaa,  contaiDing  irregu- 

lar concretions  of  lime  carbonate  and  thin  bands   of  lime- 
stone at  top.     Non-fossiliferous 3 

2.  Yellow,  pink  to  red  plastic  shale 6 

1.  Non-fossiliferous,  plastic  blue  shale  with  some  carbonaceous 

matter  and  occasional  thin  seams  of  selenite  6 

The  base  of  the  pit  is  near  the  level  of  the  creek.  A  well 
drilling  at  this  plant  encounters  firm  limestone  about  twenty 
feet  below  the  bottom  of  the  i)it. 

In  a  road  cut  south  of  Bailey  creek  on  the  west  side  of  sec- 
tion 10,  Ross  township,  higher  beds  are  exposed: 

FBBT. 

4.  Soil  and  iron  stained  limestone  residuum li 

3.  Shale,  light  blue,    with    thin    limestone    partings,    grading 

downward  into   yellow,    highly    fossiliferous,    magnesian 
shale 5 

2.  Shale,  uniform  yellow  in  color,  gritty,  with  limestone  lamina*      5 
1.     Shale,  blue,    plastic   and   latkiop:   concretionary   matter,    to 

roadbed 1 

One  hundred  yards  east  of  the  wagon  bridge  at  this  point 
thirty  feet  of  the  j)lastic  blue  shales  are  exposed  at  a  bend  in 
the  creek.  These  ai'v'  a  continuation  of  the  section  in  the  road 
just  noted,  making  in  all  a  thickness  of  more  than  forty  feet 
of  Hackberry  shales  that  is  open  to  view.  The  lower  argilla- 
ceous member  has  occasional  bands  of  limestone  running  two 
to  three  inches  in  thickness  and  is  non-fossiliferous.  This 
stratiun  corresponds  to  the  blue  shale  made  use  of  at  the  E.  P. 
Fox  clay  plant  south  of  Sheffield. 

The  Hackberry  shales  form  a  terrace  south  of  Bailey  creek 
extending  through  sections  9  and  10  of  Ross  township  and  are 
exposed  at  a  few  other  points  by  the  cutting  of  this  stream. 
The  above  described  exposure  of  this  formation  is  the  best 
observed  in  the  county.  The  sequence  is  the  same  as  that  found 
by  Professor  Calvin  in  Cerro  Gordo  county,*  although  the 
aggregate  thickness  of  the  beds  is  somewhat  less. 

*Iowa  Geol.  Survey,  Vol.  VII.  p.  162. 
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Oiven  beds. — The  Owen  beds  outcrop  at  various  points  along 
the  east  side  of  the  West  Fork  of  the  Cedar  river  in  the  north- 
east corner  of  Ross  and  throughout  its  course  in  West  Fork 
township.  ]n  s(»ction  7,  West  Fork  township,  a  small  quarry 
is  opened  from  which  some  rock  has  been  removed.  These  beds 
furnish  a  supply  of  building  material  which  has  been  utilized 
locally  at  many  points. 

The  (luarry  opening  just  north  of  the  road  along  the  south  side 
of  section  7,  West  Fork  township,  affords  the  following  section : 

FEET. 

2.  Yellow  magnesiaa  shale,  with  chert  nodules  and,  near  the 
base,  interbedded  sub-crystalline  limestone,  apparently 
dolomite.  In  places,  definite  bands  of  chert  permeated 
with  brachiopod  impressions.  Spirifer  whitneyi  most 
abundant 3i 

1.  Thinly  bedded,  fossiliferous,  partially  crystalline,  brown 
dolomite.  Much  shattered  at  top  and  badly  rifted  through- 
out.    Exposed 7 

Many  other  species  of  brachiopods  appear  in  this  section.  In 
the  top  yellow  shale  besides  Spirifer  irliitnei/i  Hall,  a  large 
ProducteUa — allied  to  P.  lachrymosa  Conrad, — and  Camarotoc- 
chia  orhiruldris  Hall,  are  frequently  seen.  In  the  limestone 
layer  a  species  of  Spirifer  related  to  S.  disjuncta  Sowerby, 
occurs  besides  those  mentioned  above. 

Below  the  wagon  bridge  over  West  Fork  at  the  south  side  of 
this  section,  twelve  to  fifteen  feet  of  calcaregus,  more  or  less 
plastic,  yellow  shales  crop  out  in  the  bank  of  the  stream.  These 
shales  here  form  a  conspicuous  terrace  to  the  east  of  the  river 
upon  which,  about  twenty  feet  above  the  water,  rest  the  beds 
of  dolomitic  limestone  described  above.  They  appear  at  inter- 
vals along  the  stream  both  north  and  south  of  this  locality  and 
are  apparently  the  upper  argillaceous  shales  of  the  HMckl)erry 
beds. 

Beds  of  weathered  magnesian  limestone  of  the  Owen  forma- 
tion are  exposed  in  the  road  through  the  east  i)art  of  section  1, 
Ross  township.  Near  the  east  line  of  this  section  yellow,  weath- 
ered shale  appears  bearing  casts  of  Naticopsis  gigantea  H.  &.  W., 
a  large  gastropod  .which  characterizes  the  Owen  limestone  in 
Cerro  Gordo  county.  Just  east  of  the  West  Fork,  on  the  south 
side  of  section  35,  a  surface  of  nodular  weathered  limestone  is 


480  GEOLOGY  OF  FRANKLIN  COUNTY. 

exposed  in  the  road  gutter.  Unidentifiable  crinoid  remains  and 
casts  of  Stropheodonta  demissa  were  noted.  The  same  lime- 
stone occurs  in  the  road  east  of  the  West  Fork  on  the  south 
side  of  section  1,  Ingham  township.  It  outcrops  in  the  road- 
bed northward  through  the  middle  of  this  section,  and  the  under- 
lying beds  are  exposed  for  some  distance  along  the  stream  in 
this  vicinity.  The  limestone  is  compact,  brown  in  color  and 
rich  in  fossils,  the  common  species  being  Spirifer  whitneyi, 
Atrypa  reticularis,  Naticopsis  gigantea.  Ten  to  twelve  feet  of 
this  rock  are  in  view  some  thirty  feet  above  the  water  in  the 
river.  The  section  is  obscured  to  within  ten  feet  of  the  water. 
Below  this  level  along  the  bank  of  the  stream  four  feet  of  marly 
to  nodular,  yellow,  calcareous  shale  are  exposed,  rich  in  per- 
fectly preserved  fossils  among  which  are:  Spirifer  whitneyi 
Hall,  S.  orestes  H.  &  AV.,  8.  Hungerfordi  Hall,  Atrypa  reticu- 
laris Linne.,  A.  a.spera,  var.  hystrix  Hall  var.,  Orthis  iowensis 
Hall,  Stropheodonta  arcuata  Hall,  Orthoceras  sp.  This  shale 
grades  do^vnwards  into  a  nodular,  argillaceous,  dolomitic  lime- 
stone containing  similar  species,  and  of  which  there  are  four 
and  one-half  feet.  Above  the  water  are  two  feet  of  yellow 
plastic  clay.  A  large,  never-failing  spring  flows  out  at  this 
horizon.  This  section  includes  both  Owen  and  Hackberry 
strata,  the  fossiliferous,  calcareous  shales  being  the  equivalent 
of  the  upper  member  of  the  Hackberry  section  in  Cerro  Gordo 
county.* 

Tiie  top  limestone  appears  again  on  the  county  line  near  the 
southeast  corner  of  section  1,  Ingham  township. 

The  exposures  described  outline  in  a  general  way  the  areas 
occupied  by  the  two  principal  formations  of  the  Lime  Creek 
stage.  Outside  of  the  relatively  narrow  belt  of  coimtry  along 
the  east  side  of  the  West  Fork  of  the  Cedar  river  the  more 
resistant  limestone  beds  of  the  Owen  formation  are  believed  to 
be  absent.  In  the  remaining  portion  of  the  Devonian  area,  as 
outlined  on  the  map,  the  Hackberry  shales  are  the  country  rock. 
A  well  drilling  on  the  farm  of  Wm.  Garber  in  section  2  of  West 
Fork  township,  encountered  solid  rock,  the  Cedar  Valley  lime- 
stone, at  eighty-five  feet.    A  well  near  Aredale  in  the  edge  of 

•S.  Calvin.  Iowa  GeoL  Survey.  Vol.  VII,  p.  163. 
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Butler  county  reached  the  rock  at  eighty  feet,  passing  through 
'blue  clay'  to  this  depth.  In  the  town  of  Sheffield,  well  sections 
indicate  almost  the  entire  absence  of  the  Lime  Creek  shales,  the 
terrace  gravels,  with  a  thickness  of  twenty  to  thirty  feet,  rest- 
ing in  some  instances  directly  on  the  basement  limestone.  It  is 
believed  that  the  shales  are  not  absent  over  any  considerable 
area.  They  are  lacking  along  Bailey  creek  on  account  of  the 
early  erosive  w^ork  of  this  stream  in  excavating  a  wide  valley 
which  has  later  been  in  part  filled  by  the  deposition  of  gravels 
and  alluvial  materials. 

It  is  of  interest  to  note  that  well  drillers  in  this  part  of  the 
county  invariably  report  a  considerable  thickness  of  'soapstone' 
or  blue  clay  after  passing  through  an  ujiper  heavy  stratum  of 
limestone.  In  Sheffield,  an  approximate  section  is  as  follows: 
gravel,  28  feet;  brown  solid  limestone,  27  feet;  blue  clay,  83  feet; 
rock,  to  190  feet.  At  the  well  above  mentioned  in  the  northeast 
quarter  of  section  2,  West  Fork  township:  sand,  6  feet;  blue 
clay,  79  feet;  rock,  55  feet;  clay,  78  feet;  rock,  to  260  feet.  Thi? 
bed  of  shale,  inters tratified  with  the  limestone,  appears  to  be 
equivalent  to  No.  6  in  l^rofessor  Calvin's  ** Generalized  Section 
of  the  Cedar  Valley  Limestone  in  Cerro  Gordo  and  Adjacent 
Counties.""*  It  does  not  ap])(*ar  as  a  distinctly  argillaceous 
bed  in  the  Hampton  or  Ackley  well  sections,  and  is  somewhat 
anomalous  in  its  occurrence.  Professor  Calvin  has  emphasized 
the  extreme  variability  of  this  i)ortion  of  the  Cedar  Valley 
section  in  the  adjoining  county  to  the  north  and  it  would  seem 
probable  that  here  is  exemplified  an  extreme  local  variation  in 
the  conditions  of  sedimentary  deposition  in  this  period  of  Devo- 
nian times. 

CARBONIFEROUS  SYSTEM. 

KINDERHOOK  STAGE. 

The  Carboniferous  rocks  present  in  the  county  belong  to  the 
Kinderhook  stage,  the  low^est  member  of  the  Mississippian  Ser- 
ies. Although  believed  to  be  the  country  rock  in  the  western 
part  of  the  coimty,  they  are  entirely  obscured  by  the  drift.     To 

*S.  Calvin,  Iowa  Qeol.  Survey,  Vol.  Vll,  pp.  I/iS  and  160. 
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the  east,  beyond  the  border  of  the  Wisconsin,  Kinderhook  rocks 
are  exposed  along  the  channels  of  all  the  principal  streams. 
As  has  already  been  intimated,  the  surface  configuration  of  con- 
siderable areas  in  the  lowan  drift  is  influenced  in  large  measure 
by  the  underlying  limestone. 

The  Kinderhook  consists  of  limestones  and  shales,  the  former 
varying  from  soft,  marly,  argillaceous  beds  containing  large 
quantities  of  chert,  to  compact,  partially  crystalline,  fossili- 
forons  or  semi-oolitic  dolomite.  The  shales  range  from  mag- 
nesian  and  calcareous  beds  which  in  many  instances  represent 
the  firmer  limestones  in  a  state  of^  decay,  to  typical  yellow  or 
bluish  plastic  clays.  Aside  from  certain  thin  inter  stratified 
beds  of  shale  the  limestone  is  in  many  places  known  to  be 
supported  by  a  greater  or  less  thickness  of  similar  beds.  In  the 
Hampton  well,  the  lower  eighty  feet  of  the  Kinderhook  are 
liiQ:1]ly  argillaceous.  Thirty  feet  of  blue  shales  were  encoun- 
tered at  this  horizon  in  the  Ackley  deep  well.*  Below  the  lime- 
stone at  Iowa  Falls  sixty  feet  of  calcareous,  gray-blue  shales 
were  referred  by  Professor  Beyer  to  the  Kinderhook.  Shales 
are  also  recognized  beneath  the  Le  Grand  l^eds  in  Marshall 
county  where  one  hundred  seventy-five  feet  of  argillaceous  beds 
are  provisionally  placed  in  the  Kinderhook. f 

These  underlying  shales  outcrop  at  a  few  points  in  Franklin 
county  but  nowhere  in  any  considerable  thickness.  They  ap- 
pear to  be  conformable  with  and,  as  in  the  deep  well  sections 
cited,  a  continuation  of  the  Devonian  shales  below  them.  For 
this  reason  question  arises  as  to  the  location  of  the  lower  limit 
of  the  Carboniferous  rocks  where  the  lower  member  or  Louis- 
iana limestone  of  the  Kinderhook  is  absent  In  well  sections 
the  formations  cannot  usually  be  differentiated  and  in  the  field 
where  the  exposures  are  available  reliance  must  be  placed  on 
the  fossil  organic  remains  present  to  establish  the  line  of  de- 
markation. 

The  Hampton  well  section  shows  two  beds  of  shale  above  this 
basal  member,  the  upper  l)ut  a  few  feet,  and  the  lower  some 
sixty  feet  in  thickness.  These  beds  occur  at  several  points  in  the 

•8   W.  Beyer,  Iowa  Geol.  Survey,  Vol.  X.  p.  280. 
+8.  W   Beyer,  Iowa  G<»ol.  Survey,  Vol.  VII,  p.  212. 
tlowa  Geol.  Survey,  Vol.  VI,  p.  149. 
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eastern  part  of  the  county  and  where  not  in  view  are  frequently 
indicated  by  the  presence  of  a  line  of  springs  at  the  base  of 
exposed  limestone  layers. 

TYPICAL  SECTIONS. 

Bailey  creek. — This  stream  flows  in  a  valley  cut  in  the  Kin- 
derhook  strata  for  two  and  a  half  miles  from  where  it  enters 
the  county  in  Richland  township,  and  exposures  are  common 
in  this  vicinity.  In  the  northwest  quarter  of  section  1,  Rich- 
land township,  at  the  county  line  bridge,  ten  feet  of  soft,  shaly, 
magnesian  limestone  are  to  be  seen.  One-fourth  mile  south  on 
the  west  bank  of  the  stream  the  same  strata  are  exposed  over- 
lain by  fifteen  feet  of  heavy  bedded  magnesian  limestone.  The 
contact  is  marked  by  a  line  of  bog  springs.  Professor  Calvin 
has  noted  the  occurrence  of  characteristic  Kinderhook  fossils  in 
this  limestone.*  The  shaly  limestone  crops  out  in  road  cuts 
along  the  west  side  of  section  1  of  Richland  township  where 
the  usual  mantle  of  drift  is  practically  absent.  It  weathers 
into  a  yellow,  calcareous  clay.  -       ^ 

The  weathered  limestone  is  to  be  observed  in  road  cuts  on 
the  west  side  of  section  8,  Ross  township.  Near  the  northwest 
comer  of  this  section  five  to  six  feet  of  weathered  plastic  shale, 
yellow  to  light  blue,  and  enclosing  bands  of  limestone,  are  ex- 
posed in  the  channel  of  a  small  stream  but  a  few  rods  from  an 
outcrop  of  limestone  twenty  feet  higher  in  the  hillside.  Close 
to  the  stream  on  the  west  line  of  section  5,  twelve  feet  of  the 
underlying  shales  appear.  They  may  also  be  seen  near  the 
stream  at  the  west  edge  of  section  6,  Ross  township.  No  fossils 
were  found,  and  it  is  believed  that  this  is  the  basal  member  of 
the  Kinderhook  stage. 

Otter  Creek. — Rock  is  exposed  almost  continuously  in  the 
valley  of  this  creek  from  section  '50  of  Ross  to  its  imion  with 
Hartgrave  creek  in  Ingham  township.  One  mile  west  of  Chapin 
at  the  southwest  comer  of  section  29,  limestone  is  quarried. 

The  following  section  may  be  viewed: 

FEET. 

3.     Thin  drift  soil 1 

2.     Badly  weathered  and  iron  stained  argillaceous  limestone  7 

1.     Regularly  bedded  blue-gray  to  sugary-brown  dolomitic  lime- 
stone containing  Orthothetes,  related  to  O.  inegualis  Hall, 

and  Orthis(?).     Exposed 8 

•Qeoloary  Cerro  Qordo  County,  Iowa  QboI.  Survey.  Vol.  VII,  p.  170. 
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Le(I.i»:('s  of  tliis  rock  form  the  east  boundary  of  Otter  creek 
vall(\v  and  appear  for  some  distance  both  north  and  sonth  on 
botli  sides  of  the  stream.  One-half  mile  south  of  the  above 
<inarry  weathered  beds  containing  many  flint  chips  and  mxlules 
of  chert  and  bearing  casts  of  ^pirifcr  suinoiintddtns  Hall,  croj* 
out  in  the  road.  Similar  outcroi)s  are  to  be  found  in  the  vici-» 
ity  of  Buffalo  creek  in  sections  \\(\  and  \\\  of  l{i<*liland  and  Ro>s 
]espcctiv<»ly ;  along  the  W(»st  si<le  of  section  (i,  and  acnjss  sec- 
tions 7)  aiid  4  of  Mott  townshi}),  where  tlie  bonlering  hills  are 
all  supi)orted  by  the  limestone  which  standi  twe'.ity-five  f(^ct 
above  the  stream.  Throughout  the  remainder  of  its  course  in 
^fott  and  Ingham  townships.  Otter  creek  valley  is  b(iund(Ml 
by  limcstcme  walls,  and  evi<lences  of  its  presence^  arc  to  be  seen, 
aside  from  natural  outcrops  and  hillside  talus,  ow  nearly  every 
section  line  where  the  public  highway  ci'oss(»s  this  <'rce'v.  At 
the  noi'th  edge*  of  S(M'tion  10,  rngliam  township,  a  lew  feet  of 
weathei-ed,  yellow,  non-fossiliferous  limestone  are  expensed; 
while  along  the  east  side*  of  this  section,  just  north  of  Otter 
creek,  there  is  a  i)arti;dly  obscured  exposure  of  twenty  feet  ol' 
y(»llow  calcareous  shales  containing  brachiopod  imi)ressions  pre- 
s(  rved  in  thin  bands  of  <*hert,  and  covered  with  shelly  layers  of 
this  same  limestone.  Tbe  upp(M'  members  here  are  higher  in 
the  section  than  those  observed  in  Ross  and  l{i(*hland  townships 
and  contain  much  <*hert,  in  bands  and  nodules,  sonu»  of  whidi 
is  (*halky  white  and  even  pulverulent. 

1/imestone  is  also  found  along  Spring  creek  in  sections  21 
and  22  and  along  S([naw  creek  in  the  north  part  of  the  (*ity  of 
llani])tnn.  The  following  section  may  be  observed  in  a  small 
tpiarry  opening  W(»st  of  the  Hampton  cemetery: 

FEET. 

3.      Karthv,    shattered  and    iron  stained  limestone  with  num-.rous 

bands  of  chert   5 

2.     Thin    bedded,    earthy    limestone    permeated    ^\ith    chert    in 

both     bands    and      concretions;    somewhat      cavernous; 

brachiopod  impressiors  preserved    in  chert 6i 

1       Heavier  beds  (6-8  inches)  and  less   chert;  caverns  lined  with 

botryoi(?al  calcite 7 

Tlif'sc  stn.'ta  stand  lii^L»li  in  the  hills  to  the  eastward  among 
which  Sipiaw  cr.'cV  makes  its  way  for  the  rest  of  its  course.     In 
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sections  1,  of  Reeve,  (i  and  5  of  Geneva  and  32  of  Ingham  to^vn- 
sliips  the  slopes  are  angular  and  terraced,  and  the  limestone 
crops  out  at  many  points. 

Tliere  arc  innumerable  exposures  of  the  lower  limestones  and 
occasionally  of  the  slialy  beds  not  in  the  immediate  vicinity  of 
the  streams,  in  the  north  central  part  of  Ingliam  and  in  the 
corners  of  Mott  and  Ross  townships,  where  the  main  features 
of  the  topography  are  expressed  in  these  older  rocks.  In  the 
northeast  (piarter  of  section  28,  south  of  the  railroad  track,  a 
small  quarry  is  opened  on  the  land  of  I).  W.  Mott.  The 
sequence  is   : 

PKET. 

3.  Soil  and  decayed  limestone 4 

2.  Plastic,  light  blue  shale  with  very  thin  bands  of  limestone. . .     2 

1.  Fossiliferous,  crystalline  brown  dolooiitic  limestone,  exposed      S 

The  beds  are  much  rifted  horizontally  and  fractured  l)y  ver- 
tical joint  planes. 

Mayne  creek, —  The  greatest  thickness  of  beds  is  to  be  seen 
near  the  north  side  of  section  21,  Reeve  township.  Thi'  sec- 
tion is  partially  obscured  by  talus  materials  but  it  is  aiJproxi- 
mately  as  follows: 

FKET. 

8.     Drift... S 

7.     Thinly  bedded  shatteied  limestone  with   much    chert   in  oval 

nodules  and  more  or  less  persistent  bands .    .   14 

6.     Heavier  bedded,  arenaceous  limestone  carrying  chert  as  ab:ve, 

and  occasional  caverns  and  calcite  geodes 6 

5 .     Shaly  limestone  with  bands  of  firmer  rock 12 

4.  Compact,    resistant  ledge  of  limestone 1 

3.  Argillaceous    limestone   containing    some    chalky    appearing 

chert  nodules  grading  into  No.  2 — 2 

2 .  Firmer  bu  t  weathered  and  iron  stained  limestone 1  ^ 

1 .     Compact,  evenly  bedded  dolomitic  limestone 3i 

Judging  from  its  lithologic  character  No.  1  appears  to  be 
equivalent  to  the  rock  quarried  one  mile  west  of  C'hapin. 

Mayne  creek  has  accomplished  a  considerable  amount  of  ero- 
sive work  since  the  close  of  the  glacial  period.  Evidence  of  such 
work  is  found  in  sections  29  and  30  of  Reeve  township  whei'c 
thicknesses  of  tw(»nty-five  to  thirty  feet  of  Wisconsin  drift  over- 
lying six  to  eight  feet  of  shelly  lim(\^tone  may  be  observed  at 
a  number  of  points. 
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Across  section  22  of  Reeve  township  ^layno  creek  is  bordereil 
by  a  low  terrace  of  shaly  limestone  similar  to  that  exposed  in 
section  21.  Near  the  middle  point  of  the  north  side  of  section 
23  is  an  old  quarry  not  now  worked.     Section: 

FEET. 

3.  SheUy  limestone  containing  chert  bands 3 

2.  Heavy  bedded,  subcrystalline  and  fossiliferous  dolomitic  lime- 

stone; stylolitic  structure  common 4 

1 .  Irregular  and  thin  bedded ,  cavernous  cherty  limestone 5 

This  same  stone  is  close  to  the  surface  in  sections  14  and  V^ 
of  Reeve  township,  appearing  in  the  road  bed  near  the  north 
east  corner  and  on  the  east  side  of  the  latter  section.  East  of 
the  road  along  the  west  side  of  section  18,  Gene\a  township,  is 
a  conspicuous  monadnock  of  the  limestone.  It  stands  thirty  feei 
high  in  the  valley  of  Mayne  creek.  W(»st  of  the  town  (  i*  (Jenev^a 
the  limestone  outcrops  near  the  center  of  section  li). 

In  the  southwest  quarter  of  the  northeast  (|narter  of  s(M3tion 
16,  Geneva  township,  an  artificial  <'xposure  shows  six  feet  of 
badly  weathered  shaly  limestone  containing  Orthothetes  related 
to  0.  inequaUs  Hall,  and  a  band  of  chert  at  th(»  top.  The  rock 
is  granular  and  earthy,  but  in  fresh  pieces  it  is  l)rown,  subcrys- 
talline and  fossiliferous.  In  the  southwest  (piarter  of  the  south 
east  quarter  of  section  10,  Geneva  townshi]).  just  east  of  the 
wagon  bridge  over  Mayne  creek  is  a  quarry  belonging  to  Mr. 
Oren  Benson  of  Geneva: 

FKET. 

4.  Soil U 

3.  Weathered  magnesian  limestone  with   abundant   small    flint 

nodules , 5i 

2.  Heavy  bed  showing   no    lines   of   separation;    brown    where 

weathered  and  fossiliferous  (Productus  bearing  long  spines 
being  very  abundant);  interior  of  large  blocks,  light  in 
color  or  mottled  by  pink  interstitial  calcite;  distinctly  ool- 
itic in  texture 10 

1.     Calcareous  shale  resting  on  limestone 1 

A  few  feet  below  the  base  of  this  quarry  and  eight  feet  above 
the  water  in  the  creek  the  top  of  the  impervious  shales  is  marked 
for  some  distance  eastward  along  the  south  side  of  the  valley 
by  a  line  of  springs.  The  drift  covering  is  very  thin  and  the 
limestone  forms  a  ridge  extending  eastward  into  sections  11 
and  14.    In  a  quarry  near  the  north  boundary  of  section  14, 
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on  the  land  of  Mr.  H.  H.  Andrews,  tlie  same  succession  of  strata 
may  be  observed  as  noted  above  in  section  10.  The  beds  are  here 
broken  by  vertical  jointing  wliich  has  produced  open  fissures  six 
to  eight  inches  in  places.  Athyris  proutii  and  the  spiny  Pro- 
ductus  sp.  are  abundant.  Productella  concentiica  Hall,  and  an 
undetermined  species  of  Spirifer  also  occur.  Unweathered  sam- 
ples of  the  lower  stratum  show  an  abundance  of  crystals  of  iron 
pyrite.  The  limestone  rests  on  yellow  shale  which  is  exposed 
in  the  trench  cut  by  a  small  stream  a  few  hundred  yards  from 
the  quarry. 


Fiff.  66 -Quarry  in  Kinderhook  limestone.  Section  14,  Geneva  township. 

Nodular  fossiliferous  limestone  outcrops  in  the  road  on  the 
east  edge  of  section  13,  Geneva  township.  Water  stands  at 
this  level  which  appears  to  be  the  top  of  the  shale.  All  of  the 
hills  throughout  east  central  Geneva  townsliip  are  capped  with 
the  limestone,  and  a  spring  line  which  is  seen  in  many 
places  indicates  the  contact  between  the  two  formations.  Strat- 
igraphically  this  shale  seems  to  correspond  in  position  to  that 
(encountered  at  943  feet  A.  T.,  in  the  Hampton  well. 
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The  Kinderhook  outcrops  at  various  points  in  sections  35  and 
36,  Geneva  township  and  in  the  east  half  of  Osceola  township, 
particularly  along  the  branches  of  Beaver  creek.  A  cherty 
limestone  similar  to  that  quarried  at  Hampton  forms  a  con- 
spicuous bench  along  a  sharp  draw  leading  from  the  east  line 
of  the  county  across  the  middle  of  section  12.  Near  the  south- 
east corner  of  section  24  the  limestone  appears  in  the  road 
south  of  the  creek  and  is  for  the  most  part  weathered  to  a  marly, 
oolitic  sand.  Where  freshly  broken  the  stone  is  seen  to  be  the 
same  as  that  quarried  in  sections  10  and  14  of  Geneva  town- 
ship. Large  springs  issue  at  the  foot  of  the  limestone  escarp- 
ment near  the  water  level  in  the  creek  and  mark  the  top  of  the 
underlying  shale.  On  the  county  line  along  the  east  side  of  sec- 
tion 25  of  Osceola  township,  limestone  appears  in  the  road  and 
in  section  36  a  few  rods  west  of  the  county  line  five  feet  of 
cherty  limestone  are  exposed  in  the  banks  and  bed  of  Beaver 
creek,  ponding  the  stream  and  forming  a  lapids  at  this  point. 
The  upper  two  feet  are  weathered  to  a  granular  incoherent  sand 
which  is  rich  in  brachiopod  remains.  Weathered  limestone 
crops  out  at  numerous  other  localities  in  the  three  eastern  tiers 
of  sections  ia  Osceola  township.  It  appears  in  places  as  a  shaly, 
chert-impregnated  limestone,  and  in  others  as  an  iron  stained 
oolitic  sand.  As  noted,  however,  both  are  frequently  present, 
the  former  overlying  the  latter. 

PLEISTOCENE  SYSTEM. 

KANSAN   DRiFT. 

Franklin  county  is  included  in  the  area  which  is  believed  to 
have  been  completely  overspread  with  ice  during  the  Kansan 
stage  of  glaciation.  Deposits  of  the  later,  lowan  and  Wiscon- 
sin, ice  sheets  have  however  entirely  obscured  any  Kansan  till 
that  may  be  present.  In  the  eastern  part  of  the  county  the 
lowan  drift  may  be  frequently  observed  resting  directly  on 
the  Kinderhook  and  Devonian  formations,  so  that  practically 
all  the  material  laid  down  by  the  Kansan  glacier,  however  large 
or  small  in  amoirnt,  has  either  been  removed  through  erosive 
processes  or  was  insufficient  to  exert  any  important  influence. 
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All  the  older  deposits  in  the  western  part  of  the  region  lie 
deeply  buried  beneath,  presumably,  a  thin  layer  of  lowan,  and 
a  heavy  mantle  of  the  bowlder  clay  and  sandy  and  gravelly 
materials  deposited  by  the  Wisconsin  ice. 

Buchanan  gravels, — Although  many  of  the  country  wells  are 
sunk  throut»:li  the  Pleistocene  strata  to  'rock',  no  records  were 
obtained  which  had  been  kept  with  sufficient  care  to  justify  a 
differentiation  of  the  different  drift  sheets.  The  most  convinc- 
ing evidence  of  an  ice  invasion  earlier  than  the  lowan  is  found 
in  the  occasional  presence  in  well  sections  of  beds  of  gravel 
beneath  till  of  lowan  age.  At  a  few  points  in  the  central  part 
of  section  l2  of  (Jeneva  townshij),  outcro})^  of  coarse,  clayey  and 
deeply  iron  stained  gravels  were  observed,  and  they  appear  to 
underrn*  considei'able  areas.  In  the  road  running  east  and  west 
through  section  2,  they  are  exposed  near  the  east  side  of  the  sec- 
tion, and  an*  cov(M*ed  by  a  few  feet  of  loess.  They  may  also 
be  obserA'ed  at  various  points  in  adjacent  portions  of  Butler 
county.  In  api)caran<'e  the  gravels  are  relatively  very  old  and 
this  in  conjunctioFi  with  their  stratigraphic  i)osition  makes  their 
reference  to  th(»  Hnclianan  interglacial  stag(*  very  ])robably 
correct. 

lOWAN   DRIFT. 

The  territory  occupied  superficially  by  materials  belonging 
to  the  Towan  stage  has  be(»n  fully  outlined  under  Topography. 
This  area,  which  emlu-accs  approximati^ly  six  and  one-half  town- 
ships in  the  <*astern  half  of  the  county,  bears  evidence  of  having 
been  quite  generally  covered  by  the  Jowan  glacier,  but  the 
amount  of  material  put  down  appears  to  have  been  in  many 
places  very  meag(»r.  An  aggregate  depth  of  over  twenty  feet  of 
Towan  drift  with  its  thin  loess  covering  is  rare,  while  throughout 
considerable  portions  of  Inglunn  and  Geneva  townships,  along 
the  line  of  the  Kinderhook  escarpment,  the  latter  formation 
reaches  to  the  very  grass  roots. 

Where  observed  in  occasional  road,  cuts  and  along  the  rail- 
roads in  Mott  and  Ingham  townships,  the  Towan  drift  presents 
the  usual  characteristics.  It  is  an  unassorted,  but  slightly 
leached,  yellow  glacial  till.  Although  in  general  well  provided 
with  the  smaller  bowlders  of,  principally,  the  lighter  colored, 
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more  acid  varieties  of  igneous  rocks,  the  large  fresh  granites 
which  are  a  constant  characteristic  of  tliis  drift  sheet  elsewhere 
are  of  importance  only  locally.  Sections  35  and  36  of  Reeve,  and 
13  of  Mott  township  are  notable  in  this  particular.  The  pre- 
vailing type  is  a  coarse-grained  pink  granite,  and  some  of  the 
bowlders  are  of  enormous  size. 


Fiff.  57— lowan  boulder  in  Section  13,  Mott  township.    It  is  a  course  crrained  red 
(rranite.    Dimensions,  24x:jf)XlO  feet  above  ground, 

Ijoess  h[is  been  (l'.'i)os;t;Ml  over  a  considerable  portion  oT  the 
surface  of  the  lowan  drift,  it  is  most  constnouous  where  it 
covers  the  outstanding  hills  and  ridges  of  the  J\inderliook  lime- 
stone in  Mott,  Ingham  and  Geneva  towiislii])s.  These  outlier> 
of  the  indurated  rocks,  which  of  themselves  stand  somewhat 
above  the  general  level,  seem  to  have  served  as  obstructions 
that  excited  accumulation  of  eolian  materials  around  them.  The 
loess  may  be  seen  at  times  resting  immediately  upon  the  eroded 
surface  of  the  limestone  or  shales  and  again  supported  by  a 
greater  or  less  thickness  of  undoubted  lowan  drift.  The  loess 
attains  a  thickness  of  fifteen  or  more  feet.  Good  exposures 
may  be  examined  in  sections  6  and  5  of  Mott  township,  and  at 
various  points  throughout  northern  Ingham  and  Geneva  town- 
ships, notably  along  the  east  side  of  section  5  of  the  latter  town- 
ship. Concretions  of  lime  carbonate  are  abundant  in  the  de- 
posit, but  casual  inspection  does  not  reveal  the  presence  of  the 
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usual  remains  of  land  moUusks.  The  dividing  line  between 
the  loess  and  the  lowan  till  is  frequently  poorly  defined  and 
is  never  marked  by  the  distinct  ferreto  band  so  characteristic 
of  the  Kansan  drift.  In  fact,  in  many  instances  the  change  in 
coloration  is  so  slight  that,  except  for  the  absence  of  the  gravel 
pebbles  in  the  loess  above,  there  appears  to  be  almost  a  gra- 
dation into  the  underlying  typical  drift.  In  other  sections  the 
line  of  separation  is  plain  both  because  of  the  difference  in  the 
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Fisr*  58 -Loess  overlyinsr  lowan  drift  in  railroad  cut,  Section  25,  Mott  township. 

nature  of  the  materials  and  of  the  slope  angle  maintained  by 
them.  Loess  overlying  the  lowan  may  be  seen  in  a  railroad  cut 
near  the  east  edge  of  section  25  of  Mott  township  (Fig.  58).  The 
absence  of  the  oxidized  zone  and  of  other  evidence  of  an  ex- 
tended time  interval  following  the  retreat  of  the  lowan  ice  and 
preceding  the  deposition  of  the  loess,  suggests  at  least  immedi- 
ate succession,  if  not  contemporaneity  of  loess  accumulation 
with  the  wasting  of  the  glacier.  The  loess  was  placed  upon 
the  fresh  and  unmodified  surface  of  the  till  before  climatic  con- 
ditions had  sufficiently  ameliorated  so  that  plant  growth  could 
gain  an  important  foothold,  or  the  weathering  processes  bring 
about  appreciable  chemical  alterations. 
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WISCONSIN  DRIFT. 

The  Wisconsin  drift  in  this  county  presents  the  ordinary  char- 
acteristics that  have  been  many  times  detailed  in  the  earlier 
reports  of  this  Survey.  On  account  of  its  comparatively  recent 
deposition  the  materials  are  unl cached  and  vary  in  color  from 
yellow  near  the  surface  to  light  blue  in  depths  beyond  the  limits 
of  oxidation.  It  is  typically  composed  of  an  extremely  calcar- 
eous and  sandy  clay  matrix  which  is  filled  with  promiscuously 
distributed  pebbles  and  bowlders  of  a  wide  range  of  sizes  and 
varieties.  The  bowlders  are  often  scattered  over  the  surface, 
and  in  localities  where  they  have  been  undisturbed  are  interest- 
ing features  of  the  landscape.    Bowlder  fields  are  common  in 


FifT.  59— Field  of  Wisconsin  boulders  in  the  southwest  quarter  of  section  27,  WIsner 

township. 

Wisner  and  Richland  townships.  Figure  59  shows  such  a  field 
in  the  southwest  quarter  of  section  27  of  the  former  township. 
The  varieties  represented  are  mostly  of  the  granite  type, 
although  the  gneisses  and  schists,  some  of  them  exhibiting  beau- 
tiful contorted  banding,  are  common.  Occasional  densely  black 
'* nigger  heads"  are  observed. 

From  the  typical  bowlder  clay  the  drift  grades  into  clayey 
gravels,  argillaceous  sands,  and  in  the  morainal  tracts  where 
the  action  of  water  has  been  of  greater  importance,  beds  of 
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perfectly  assorted  sand  and  gravel  occur.  Wells  sunk  in  the 
Wisconsin  drift  area  penetrate  from  fifty  to  one  hundred  sixty 
feet  of  Pleistocene  strata.  From  obtainable  information  and 
a  study  of  the  older  drifts  in  the  eastern  part  of  the  county  it 
would  seem  that  a  large  proportion  of  this  depth  should  be 
referred  to  the  Wisconsin.  Wells  in  Wisner  townshiji  go  one 
hundred  feet  to  rock;  in  southern  Scott,  one  hundred  to  one 
hundred  sixty  feet ;  at  Latimer,  one  hundred  feet,  which  depth 
decreases  rapidly  in  eastern  Marion  township;  and  in  Dows, 
eighty  feet  to  the  indurated  strata.  Exposures  of  any  thickness 
of  the  Wisconsin  drift  are  rare,  but  its  general  character  may  be 
observed  at  innumerable  points  along  the  public  roads  in  the 
western  half  of  the  coimty. 

Gravel  Trains  and  Terraces, — All  of  the  streams  that  issue 
from  the  moraine  are  bordered  by  more  or  less  continuous 
layers  of  gravel  which  usually  appear  as  valley  terraces  in  the 
lowan  drift  area.  The  gravels  are  especially  noticeable  on 
Bailey,  Otter  and  Buffalo  creeks,  along  which  they  may  be  fre- 
quently seen  within  the  borders  of  the  Wisconsin  drift.  They 
occur  also  along  Mayne  creek  in  Reeve  and  Geneva  townships. 
The  materials  are  well  sorted  as  a  rule  and  are  products  of  the 
streams  while  they  were  flooded  during  the  melting  of  the  Wis- 
consin glacier.  More  or  less  sand  is  ahvays  present  and  cross- 
bedding  is  a  prevailing  feature,  indicating  deposition  from 
rapidly  flowing  currents.  The  fineness  of  the  pebbles  com- 
posing the  gravels  increases  with  the  distance  from  the  Wiscon- 
sin border — as  would  be  expected  with  the  decrease  in  declivity 
and  hence  carrying  power  of  the  streams. 

Where  the  West  Fork  of  the  Cedar  enters  the  county  it  is 
skirted  by  a  gravel  bench,  twelve  to  fifteen  feet  higher  than  the 
flood  plain.  This  terrace  unites  in  section  18  of  West  Fork 
township  with  the  Bailey  creek  terrace,  which  forms  a  very  con- 
spicuous bench  along  the  latter  stream  throughout  its  course  in 
the  county,  and  is  here  ten  feet  above  the  flood  plain  level.  Be- 
yond section  28,  West  Fork  township,  the  gravels  are  not  con- 
spicuous. The  terrace  in  places  extends  a  mile  back  from  the 
stream,  the  town  of  Sheffield  being  built  on  such  a  flat  to  the 
north  of  Bailey  creek.    The  gravels  in  Sheffield  are  twenty 
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five  to  thirty  feet  thick.  The  gravels  are  also  seen  along  Otter 
and  Hartgrave  creeks  and  vary  in  height  above  the  water  from 
fifteen  feet  at  the  moraine  to  disappearance  in  eastern  Ingham 
township.  The  terrace  on  Mayne  creek  is  not  so  conspicuous 
as  are  those  along  the  other  streams  in  the  eastern  part  of  the 
county  and  is  not  important  beyond  the  eastern  boundary  of 
Reeve  township.  A  gravel  train  flanks  the  Towa  river  but  does 
not  occur  as  a  bench,  being  seen  only  in  road  cuts  and  but  little 
above  the  river.  The  gravel  underlies  the  thin  layer  of  alluvial 
silt  that  has  been  put  down  in  places  by  this  river. 

Fost-Glacial  Deposits. 

Under  this  caption  should  be  mentioned  the  slowly  accumu- 
lating alluvial  materials  that  an*  cvcmi  now  being  put  down  over 
the  level  bottoms  in  the  stream  valleys.  Such  deposition  takes 
place  during  stages  of  high  wnicv  when  the  overloaded  streams 
are  not  confined  to  their  channels  Imt  spread  out  covering  areas 
of  greater  or  less  extent.  The  materials  carried  and  deposited 
are  usually  the  finer-grained  soil  particles  that  have  been  washed 
down  from  the  slopes  of  the  drainage  basin  of  the  stream.  Al- 
though this  process  is  unceasingly  going  on,  none  of  the  streams 
of  Franklin  county  have  flood  plains  of  sufficient  importance 
for  mapiung.  It  is  true  that  all  of  the  larger  streams  oc(*upy 
depressions  of  considerable  size,  and  some  of  them  are  in  places 
bordered  by  broad  flats  which  have  been  in  the  past  undoubtedly 
many  times  floodc^l  by  sediment-carrying  waters.  But  if,  .ns 
seems  advisable,  wr  limit  the  a])])licati()n  of  the  term  floo  1 
l>lain  to  the  area  at  present  inundated  during  stages  of  high 
water,  and  alluvium  to  the  sediment  deposited  outside  of  the 
ehannel  during  such  inundation,  these  features  are  not  of  impor 
tance  in  the  area  under  consideration.  As  mentioned,  however, 
under  Drainage,  there  are  local  areas  of  alluvium  along  the 
Towa,  the  AVest  Fork  and,  in  fact,  along  all  the  major  water- 
ways that  deserve  notice. 

Vegetal)le  materials  have  been  accumulating  in  the  shape  of 
l^eat  beds  in  many  of  the  upland  i>onds  since  the  close  of  the 
glacial  period.  Thicknesses  of  ten  to  fifteen  feet  are  at  present 
found  in  some  of  these  bogs.  The  accumulation  takes  place  by 
the  continuous  growth  of  certain  species  of  moss,  and  the  plant 
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remains  that  are  brought  in  from  the  surrounding  hillsides. 
Water  is  essential  to  the  growth  of  the  deposit  as  upon  it  de- 
pends not  only  the  life  of  the  species  of  mosses  that  compose 
the  bulk  of  the  peat  bed,  but  also  the  partial  preservation  of 
the  remains  of  these  plants  as  they  die  year  after  year.  Hence 
we  find  all  peat  bogs  either  in  shallow  ponds  or  marshes  or  on 
the  sites  of  formerly  wet  places.  At  present  much  is  being 
done  to  eliminate  all  ponds  and  marshes  to  prepare  the  land 
for  agriculture,  and  there  is  perhaps  little  accumulation  of  peat 
going  on  because  of  the  all  but  universal  advent  of  the  ditch  and 
the  drain  tile. 

SoUs. 

Franklin  is  pre-eminently  an  agricultural  county.  Farming 
is  the  vocation  of  the  rural  population  and  there  are  no  tracts 
of  any  size  that  have  not  been  disturbed  by  the  implements  of 
the  tiller  of  the  soil.  The  marshy  peat  bogs  as  well  as  the  fi:hi- 
cial  ponds  are  giving  way  to  modern  drainage  methods,  w^hile 
productive  soils  are  slowly  replacing  the  peat,  and  growing 
crops  the  worthless  waste  of  sedge,  rush  and  water  willow.  The 
general  fertility  of  the  soils  of  the  county  is  attested  by  the 
flourishing  crops  that  are  to  be  scnMi  on  every  hand  during  the 
growing  seasons. 

The  soils  may  be  primarily  classified  as  residual  and  trans- 
ported soils.  The  latter  is  the  prevailing  type,  and  may  be  sub- 
divided into  the  drift,  loess,  alluvium  and  terrace  varieties. 

The  drift  soils  occupy  areas  corresponding  to  the  two  till 
sheets  that  superficially  cover  the  county.  The  soils  of  the 
western  portion  of  the  county  a  re ''relatively  new  as  the  time 
which  has  elapsed  since  the  deposition  of  the  Wisconsin  drift 
has  been  short.  Surface  modification  by  weathering  has  pro- 
gressed to  but  slight  depth  and  ;!s  a  result  the  soil  has  a  yellow 
or  light  brown  color  and  is  still  vt  ry  limy.  It  is  also  less  porous 
than  the  older  soils,  which  lack  of  porosity  prevents  thorough 
aeration  and  the  free  circulation  of*  the  soil  moisture.  It  is 
recognized  that  the  typical  AVisconsin  bowlder  clay  soil  requires 
more  thorough  and  deej)  r  tllla'^e  to  obtain  the  most  favorable 
results.     .\s  weathering  progresses  and  plant  growth  loosens  up 
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and  alters  the  surface  layer,  many  of  the  finer  particles  are  car- 
ried down  the  slopes  and  accumulate  in  and  around  the  marshes 
and  ponds  which,  until  recently  have  boon  very  common.  In 
this  way  have  been  produced  the  sticky,  clayey,  mu(»k  and  impure 
peat  soils  that  are  well  known  in  low  undrained  places.  The  so 
called  *sour'  or  alkaline  spots  are  due  to  the  impervious  nature 
and  undrained  condition  of  such  soils  and  these  can  be  corrected 
only  by  the  removal  of  the  surplus  moisture.  In  view  of  their 
origin  it  is  evident  that  the  marsh  soils  nuiy  vary  from  a  fairly 
pure  grade  of  peat  to  a  muck\'  clay  containing  a  greater  or  less 
amount  of  partially  decayed  organic  mattei*.  While  not  actu- 
ally covered  with  water,  such  soils  usually  sujjport  a  growth  of 
uncultivated  but  nutritious  grasses,  l)ut  it  often  requires  con- 
siderable patience,  even  after  drainage  is  secured,  to  subdue 
them  into  perfect  tractability.  This  once  accomplished,  how- 
ever, they  become  fertile  and  lasting  because  of  the  humus  they 
contain. 

The  materials  of  the  lowan  drift  have  been  longer  subjected 
to  the  action  of  the  atmospheric  agcMits,  and  a  more  perfect  soil 
is  the  result.  The  lowan  drift  soil,  while  still  (luite  calcareous, 
is  of  darker  color  and  more  open  texture  than  that  of  the  Wis- 
consin drift,  and  is  therefore  better  suited  to  tillage  and  to 
plant  growth.  As  has  been  noted  earlier,  however,  the  Towan 
is  directly  responsible  for  the  soils  of  but  limit(»d  portions  of 
the  area  outside  of  the  Wisconsin  drift.  It  is  for  the  most  part 
Imried  by  the  silty,  in  places  sandy,  loess  covering  whos(»  alter- 
ation forms  the  basis  for  most  of  the  soil  over  the  eastern  part 
of  the  county.  The  loess  is  a  clayey  deposit  of  yellow  to  light 
brown  color  and  entirely  free  from  the  gravel  pebbles  and  coarse 
sand  which  permeate  the  drift  clays.  Bounded  or  irregular 
concretions  of  lime  carbonate  are  abundant,  luit  these  are  secon- 
dary and  have  been  formed  by  the  leaching  action  of  water.  It 
effervesces  freely  with  acid,  and  microscopic  examination  shows 
a  large  j^roportion  of  angular  particles  which  should  i)crhaps  b? 
called  very  fine  sand,  l^hysically,  tlie  soil  which  is  formed  on 
the  loess  is  permeable  both  to  water  and  to  the  roots  of  plants. 
On  account  of  the  clay  constituent  and  the  readiness  with  which 
water  both  enters  and  dries  from  it,  the  loess  soils  are  very  apt 
to  bake  hard  after  wetting.    For  the  same  reasons  they  wash 
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readily,  and  from  unprotected  fields  tons  of  the  richest  portions 
of  the  soil  may  be  carried  away  during  heavy  rainfall  or  the 
melting  of  the  winter's  snows.  Plowed  fields  exposed  to  the 
unhindered  sweep  of  the  winds  are  likewise  denuded  by  the 
drifting  of  loose  soil  particles.  The  loess  affords  a  fertile  soil, 
and  the  cereal  and  legume  crops  grown  upon  it  rival  those  pro- 
duced on  any  other  class  of  soil.  It  is  usually  found  expedi- 
ent however  to  take-some  precautions  in  the  rotation  of  crops 
in  order  to  avoid  the  necessity  of  leaving  the  uncovered  fields 
open  to  the  attack  of  winds  and  rain. 

It  has  already  been  stated  that  at  a  few  points  along  the  prin- 
cipal streams  of  the  county  bodies  of  alluvium  have  been  depos- 
ited. The  materials  have  come  from  the  upland  soils,  and  this 
type  is  therefore  one  of  great  richness.  Alluvial  soils  are  usu- 
ally sandy,  of  dark  or  black  color,  and  where  developed  are  the 
most  productive  x)f  the  region. 

Covering  the  gravel  terraces  wherever  they  are  developed  in 
the  county  is  a  very  productive  soil.  It  is  of  the  nature  of  allu- 
vium, somewhat  modified  by  later  additions  of  rich  loamy  mater- 
ials, and  was  undoubtedly  spread  over  the  surface  of  the  gravel 
beds  at  a  time  following  the  close  of  the  glacial  period,  while 
the  streams  were  still  of  large  volume  and  in  a  manner  similar 
to  the  deposition  of  alluvium  over  the  flood  plains  of  today. 
The  permeable  gravels  below  afford  perfect  underdrainage. 
The  terrace  soils  require  seasons  of  more  than  the  common 
amount  of  precipitation  to  produce  the  very  best  results.  They 
are  sandy,  open  textured  and  warm  soils  and  appear  best  suited 
to  the  raising  of  corn,  but  in  ordinary  years  even  this  crop  does 
better  on  the  less  porous,  more  clayey  soils. 

The  residual  soils  are  of  minor  importance  although  at  some 
points  the  weathered  limestones  and  shales  have  contributed 
largely  to  the  elements  necessary  for  plant  growth.  In  the 
southeast  comer  of  Mott  and  the  southwest  two  sections  of 
Ingham  township  the  Kinderhook  limestone  is  very  thinly  cov- 
ered, and  in  many  places  along  the  angular  terraces  which  bor- 
der Squaw  creek  the  soil  layer  appears  to  be  due  almost  entirely 
to  the  decomposition  of  the  limestone.  To  the  south  of  Mayne 
creek  in  sections  10  and  11  of  Geneva  township  a  similar  state  of 
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affairs  obtains  over  small  areas.  In  West  Fork  and  Ross  town- 
ships the  Devonian  shales  have  lent  appreciably  to  soil  forma- 
tion in  numerous  localities.  This  is  notably  true  along  the  west 
fork  of  the  Cedar  in  section  7  of  West  Fork  and  section  1  of 
Ross  township;  and  at  various  other  points  in  Ross  township 
south  of  Bailey  creek.  The  presence  near  the  surface  of  the 
shales  is  not  so  evident  topographically  as  is  the  presence  of  the 
limestone.  The  characteristic  yellow  color  and  the  marly  nature 
of  the  shale  soils  are  the  distinguishing  features.  The  lime- 
stone soils  are  highly  imj^regnated  with  iron  oxide  and  are 
therefore  t>T)ica]ly  deep  red  to  rust  brown  in  color,  and  are 
foini'l  to  grade  downwards  into  the  rotten  and  partially  decayed 
limestone. 

ECONOMIC  PRODUCTS. 

From  the  foregoing  discussion  it  may  be  construed  that  Frank- 
lin county's  most  important  asset  is  its  fertile  soil.  On  the  soil 
the  majority  of  its  inhabitants  depend  and  the  products  of  the 
many  prosi)erous  farms  are  the  chief  articles  of  export.  The 
county  possesses  besides,  ampl(»  supplies  of  building  stone,  abun- 
dant clay  resources  Trom  which  are  wrought  most  durable  build- 
ing material  and  drain  tile  which  are  at  present  so  much  in 
demand,  and  finally,  a  moderate  supply  of  timber  for  fuel.  In 
a  way,  therefore,  it  may  be  said  that  Franklin  county  is  suffic- 
ient unto  itself,  and  yet  it  depends,  as  do  all  other  communities, 
for  certain  of  the  necessities,  on  neighboring  fields  having  more 
abundant  sui)plies  that  they  are  willing  to  exchange  for  articles 
which  Franklin  county  is  able  to  spare.  Thus,  coal  must  be  ship- 
ped in,  and  lumber  for  building,  while  in  return  are  sent  out  the 
bountiful  products  of  the  farm,  the  orchard  and  the  dairy. 

Building  Stone. 

Stone  suitable  for  foundation  walls  and  sidewalk  flagging  is 
quarried  at  a  few  points  in  the  county.  The  best  quality  comes 
from  the  Kinderhook  beds  but  a  fair  grade  for  rough  work  may 
be  obtained  at  several  localities  from  the  Owen  beds  of  the 
Devonian. 

Kinderhook  Beds. — A  small  (juarry  is  worked  by  Mr.  Wm. 
Low  in  the  southwest  comer  of  section  29  of  Ross  township. 
Considerable  stone  has  been  removed  here  and  at  a  few  other 
points  along  Otter  creek  in  this  vicinity.  The  quarry  section  has 
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been  given  on  page  483.  A  quarry  face  eight  to  ten  rods  in  length 
is  open.  The  usable  portion  of  the  section  is  covered  by  six: 
to  eight  feet  of  argilhieeous  weathered  rock  which  must  be 
removed  by  stripping.  The  lower  beds  are  regular  and  the 
individual  layers  vary  from  six  to  eighteen  inches  in  thickness. 
The  stone  is  granular  and  fossiliferous  and  ranges  from  brown 


Fisr*  60— Kinderhook  limestone,  one  mile  west  of  Chapin  in  section  29,  Ross  township. 

to  blue-gray  in  (M)lor.  Jt  yields  readily  to  .shaping  for  dimen- 
sion work  and  affords  the  most  durable  building  stone  now 
produced  in  the  county.  A  moderate  local  demand  is  supplied, 
none  as  yet  being  shipped. 

Stone  has  long  been  (juarried  in  the  north  part  of  the  town 
of  Hampton  on  Squaw  creek.  A  poor  grade  of  limestone  is 
now  being  used  from  a  new  opening  a  few  hundred  yards  west 
of  the  cemetery.  The  rock  is  weathered  and  contains  inter- 
mittent bands  of  chert  which  cause  it  to  break  very  irregularly. 
It  is  used  for  only  the  rougher  masonry  work  and  would  not 
give  satisfaction  in  exposed  positions. 

Although  the  Kinderhook  limestone  is  removed  for  local  use 
at  a  large  number  of  points  in  Ingham,  Geneva  and  Osceola 
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townships,  at  but  two  localities  have  quarry  openings  been  made 
of  sufficient  extent  that  the  nature  of  the  unweathered  rock 
could  be  observed.  In  the  southwest  quarter  of  the  southeast 
quarter  of  section  10  and  the  northwest  quarter  of  the  northeast 
quarter  of  section  14,  Geneva  township,  are  small  quarries  in 
which  are  exposed  essentially  similar  strata.  The  former  is 
owned  by  Mr.  0.  Benson  of  Geneva  and  the  latter  is  on  the 
land  of  H.  Andrews.  The  overburden  here  consists  of  five  to 
eight  feet  of  cherty  magnesian  limestone.  This  rests  on  a  mas- 
sive bed  of  eight  to  ten  feet  of  gray  to  brown  subcrystalline 
limestone  which  displays  decidedly  oolitic  facies.  Away  from 
the  weathered  parts  the  rock  is  light  in  color  and  compact,  and 
resembles  in  general  appearance  the  Bedford  stone.  In  natural 
outcrops  this  bed  separates  into  numerous  laminae,  each  a  few 
inches  thick;  but  where  newly  exposed,  slabs  of  almost  any 
desired  size  can  be  obtained. 

A  small  amount  of  stone  is  removed  each  year  from  these 
quarries.  It  is  believed  that  continued  development  might  open 
up  unweathered  portions  of  the  bed  which  would  furnish  very 
good  building  stone.  It  seems  likely  also  on  account  of  the 
extreme  thinness  of  the  drift  that  prospecting  along  Mayne 
creek  in  this  vicinity  would  discover  places  where  it  would  be 
possible  to  obtain  desirable  stone  that  is  not  buried  beneath  so 
great  a  thickness  of  weathered  residuum  which  must  be  removed. 

Owen  Beds. — These  beds  afford  very  little  stone  which  is 
sufficiently  coherent  to  have  any  extended  use  for  structural 
work.  As  has  been  noted,  however,  the  Owen  limestone  has 
been  quarried  at  a  few  points  along  the  east  side  of  the  West 
Fork  of  the  Cedar  where  occurs  a  firmer  phase  of  the  usually 
argillaceous,  marly  magnesian  strata  of  this  formation.  Some 
small  amount  of  rock  has  been  taken  out  in  the  southwest  quar- 
ter of  section  7,  West  Fork  township.  Three  and  one-half  feet 
of  yellow,  magnesian,  cherty  shale  overlie  seven  feet  of  mod- 
erately thin  bedded  crystalline  brown  magnesian  limestone. 
Only  the  lower  bed  can  be  made  use  of,  and,  on  account  of  its 
coarsely  granular  and  partially  weathered  condition,  is  not  a 
durable  material.  It  has  been  used  to  a  limited  extent  for  side- 
walk flagging  and  in  walls,  where  it  is  fairly  satisfactory. 
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Clay. 

Franklin  county  is  generously  supplied  with  clays  suitable 
for  making  all  the  common  grades  of  wares.  Those  which  are 
readily  available  are  the  loess  and  river  clays  and  the  clay 
shales  of  the  Devonian.  The  loess,  which  overlies  the  lowan 
drift  in  the  eastern  part  of  the  county,  is  not  utilized  at  any 
point.  This  material  is  employed  over  the  state  more  than  any 
other  class  of  clays  for  brick  and  tile  manufacture,  and  good 
substantial  products  are  made  from  it. 

Eiver  or  alluvial  clay  is  made  use  of  at  Dows  in  the  Wilson 
Bros.  Tile  Works.  The  plant  is  situated  southeast  of  town  near 
the  C.  R.  I.  &  P.  tracks.  The  clay  is  taken  from  the  river  bottom 
below  the  plant.  It  is  black  soil  at  the  surface  grading  down- 
ward into  gray  and  yellowish  plastic  clay.  Gravel  underlies 
the  clay,  so  the  depth  of  the  pit  is  limited  to  ^bout  four  feet. 
The  clay  is  spaded  from  the  bank  and  hauled  to  the  works  in 
two-wheeled  carts.  The  clay  is  shoveled  on  to  an  inclined  belt 
which  carries  it  to  a  pair  of  corrugated  conical  rolls.  The 
rolls  remove  any  contained  gravel,  after  which  the  clay  is  lifted 
by  a  belt  provided  with  metal  pans  to  the  pug  mill.  Only  drain 
tile  are  made.  A  J.  D.  Fate  and  Company  auger  machine  pro- 
vided with  a  rotary  tile  cutter  is  used.  With  the  exception  of 
11-inch  tile,  all  sizes  to  one-half  inch  are  made,  from  three  and 
one-haJf  to  twelve  inches  in  diameter.  From  the  cutting  table 
the  green  tile  are  wheeled  to  the  dryers,  being  carried  to  the 
upper  floors  by  chain  elevators.  The  dryer  buildings  have 
slatted  floors  and  are  three  stories  high.  Three  buildings  are 
connected  by  covered  runways  and  include  a  total  of  over  96,000 
square  feet  of  drying  space.  Both  exhaust  and  live  steam  are 
used  for  drying,  but  only  after  shrinkage  in  the  drying  tile  has 
ceased,  as  too  rapid  expulsion  of  the  water  is  apt  to  cause  crack- 
ing. Three  weeks  are  ordinarily  required  before  the  tile  are 
ready  for  the  kiln.  The  plant  is  equipped  with  six  round  down- 
draft  kilns — one  of  which  is  eighteen  feet;  two,  twenty  feet; 
two,  twenty-two  feet;  and  one,  twenty-three  feet  in  diameter. 
Three  stacks  furnish  draft  for  the  six  kilns.  The  tile  require 
thirty-six  hours  to  water-smoke  and  thirty-six  hours  to  com- 
plete the  burn.    The  product  is  of  a  high  class  and  the  local 
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demand  is  large.  A  considerable  proportion  of  the  output  is 
also  shipped  into  neighboring  counties. 

The  Hackbery  shales  are  utilized  at  the  plant  of  Mr.  E.  P. 
Fox,  one-half  mile  south  of  Sheffield.  Both  the  yellow  and  the 
blue  varieties  of  these  shales  are  exposed  in  the  pit.  The  upper 
two  feet  contain  some  limestone  and  calcareous  concretions,  but 
below  this  the  clay  is  weathered  and  plastic  and,  excepting 
occasional  blocks  of  friable  magnesian  limestone  and  some  sel- 
enite  scales,  appears  free  from  concretionary  impurities.  Ap- 
proximately eight  feet  of  the  yellow,  and  three  to  four  feet  of 
the  blue  shales  are  removed  for  use.  The  clay  is  broken  down 
and  allowed  to  weather  in  the  pit  for  six  months  or  so.  It  is 
hauled  by  wagon  and  fed  by  hand  into  a  ** Little  Wonder"  auger 
machine  made  by  the  Wallace  Mfg.  Company.  A  single-wire 
hand  cut-off  is  used  for  brick,  tile  and  hollow  block.  All  sizes 
of  tile  are  made  from  three  to  eight  inch  inclusive,  and  this  is 
the  chief  product.  The  ware  is  dried  on  racks  under  sheds 
having  adjustable  side  walls  for  controlling  the  air  circulation. 
Tile  are  safely  dried  in  one  week.  The  plant  is  equipped  with 
one  twenty-foot  round  down  draft  kiln.  Power  is  supplied 
from  a  thirty  horse  power  boiler  and  a  twenty-four  horse  power 
Des  Moines  Iron  Works  engine.  The  ware  produced  is  of  fair 
quality.  Incipient  cracking  sometimes  ensues  if  the  ware  is 
too  rapidly  cooled  in  the  kiln  but  the  remedy  for  this  is  obvious. 
The  presence  of  sulphates  in  the  clay  is  evidenced  in  the  finished 
product  by  a  persistent  scum  or  'whitewash'  which  is  often 
quite  conspicuous  by  the  finger  marks  produced  in  handling  the 
green  ware.  This  whitewash  mars  the  appearance  only,  and 
in  such  materials  as  tile  and  brick  that  are  well  burned  and 
are  not  to  be  used  for  outside  work,  should  not  diminish  the 
value  of  the  product. 

These  shales  outcrop  at  various  points  along  Bailey  creek 
both  above  and  below  the  town  of  Sheffield  and  in  many  places 
are  practically  free  from  overlying  materials  that  would  require 
removal.  They  constitute  an  inexhaustible  supply  of  available 
raw  material  for  the  manufacture  of  the  common  clay  wares. 
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Conditions  appear  especially  favorable  for  drain  tile  manu- 
facture on  account  of  the  location  near  the  border  of  the  Wiscon- 
sin drift — that  great  undrained  stretch  of  country  to  the  west- 
ward— where  such  an  active  campaign  is  now  in  progress  to  sub- 
due the  lakes,  ponds  and  marshes  of  this  new  land  surface.  The 
demand  for  drain  tile  is  strong  and  increasing  and  although 
railroad  facilities  are  not  the  best,  Franklin  county  raw  mater- 
ials are  more  accessibly  situated  than  those  of  any  competing 
area. 

Sand  and  Gravel. 

The  terraces  which  skirt  all  of  the  larger  streams  in  the  east- 
ern part  of  the  county  furnish  excellent  and  abundant  supplies 
of  gravel  and  sand  for  road  construction  and  concrete  work. 
For  road  building*  tlie  gravel  beds  are  worked  at  many  points 
where  the  public  highways  cross  the  stream  valleys.     Within 


Fiff.  61-Inter8tratified  trravel  and  sand  beneath    partially  assorted     Wisconsin 
drift.    Public  hiifhway  between  bections  5  and  6  of  Heeve  township. 

the  Wisconsin  drift  area  extensive  deposits  are  found  along 
some  of  the  streams  and  in  the  principal  morainal  belt  in  the 
southwest  part  of  the  county.  On  the  road  between  sections 
5  and  6  of  Reeve  township  stratified  sand  and  gravel  occur 
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beneath  a  thin  layer  of  partially  assorted  Wisconsin  drift.  Six 
to  eight  feet  of  the  deposit  have  been  opened  up  and  large 
amounts  removed  from  both  sides  of  the  roadway.  Gravel  and 
sand  are  hauled  from  this  pit  to  Hampton  for  use  in  the  manu- 
facture of  cement  blocks,  and  for  filling  material  in  other  lines 
of  constructive  work. 

In  the  northwest  quarter  of  section  19,  Morgan  township,  is 
a  series  of  morainal  knobs.  Near  the  northwest  corner  of  the 
section  one  of  these  hills  has  been  dissected.  It  is  composed 
of  nicely  stratified  clean  sand,  quite  free  from  iron  stain  and 
other  impurities.  The  strata  are  not  horizontal  nor  continuous 
but  interrupted  and  irregularly  tilted  at  all  angles.  The  pure 
condition  of  the  sand  renders  it  available  for  use  in  plaster  and 
mortar  mixtures.  Sand  is  taken  from  here  for  making  clement 
buildino:  blocks  in  Dows.  No  sifting  is  necessary,  the  requisite 
sort'ng  and  sizing  of  the  sand  having  been  accomplished  by  the 
natural  agents  which  deposited  it. 

Peat. 

The  peat  beds  of  Franklin  county  contain  a  large  supply  of 
low  gra^le  fuel  that  may  at  some  future  time  be  utilized.  At 
prevsont  it  is  removed  for  use  at  but  one  locality.  Peat  has  been 
taken  out  for  a  number  of  years  on  the  land  of  Mr.  E.  H. 
Capell on  in  the  south  half  of  the  northeast  quarter  of  section 
28,  Aforiran  township,  for  local  use.  An  area  of  sixty  acres 
is  sairl  to  be  covered  with  eight  to  nine  feet  of  usable  peat.  A 
pbnt  of  small  capacity  is  installed  by  the  Towa  Fuel  and  Brick 
Comnany  of  Dows,  for  briquetting  the  m:iter!al.  The  equip- 
ments consists  of  a  No.  66  Horton  Mfg.  Company  Hercules  six- 
mold  soft  mud  brick  machine,  a  small  engine  and  drying  sheds. 
The  peat  is  hauled  on  a  track  in  cars  by  a  cable  from  the  bog 
about  one-quarter  of  a  mile  from  the  plant.  In  the  brick 
machine  the  product  is  of  necessity  but  very  slightly  compacted 
over  its  spong}'^  condition  in  the  bog,  but  the  peat  is  put  into 
convonient  shape  for  handling,  and  the  mechanically  hell  water 
\p  largely  dried  from  it.    It  is  said  to  make  a  desirable  rlomestic 
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fuel  burning  free  from  objectionable  soot  and  clinkers.  Some 
thirty  tons  have  been  produced  in  the  past  year.  Following 
is  a  chemical  analysis  of  an  average  sample  dry  peat  brick. 

per  cent. 

Lossat  llO'C 10  00 

Volatile  hydrocarbons 37. 80 

Fixed  carbon 14  20 

Ash... 38.00 

A  calorimetric  test  of  the  same  sample  gives  a  fuel  value  of 
4766  B.  T.  U.,  which  means  that  one  pound  of  the  dry  peat 
will  produce  enough  heat  in  burning  to  raise  the  temperature 
of  4766  pounds  of  water  one  degree  Fahrenheit. 

Water  Supply. 

Ample  supplies  of  good  water  are  to  be  obtained  from  a  num- 
ber of  different  horizons  in  the  geological  formations  that  under- 
lie this  county.  In  the  western  part  where  the  drift  deposits  are 
thick  few  wells  are  sunk  below  the  base  of  the  Pleistocene,  and 
farm  water  supplies  are  frequently  furnished  by  shallow  wells, 
thirty  to  ninety  feet  in  depth,  which  are  fed  from  local  sand 
pockets  or  intercalated  beds  of  gravel,  or  by  seepage  from  the 
bowlder  clay  itself.  Such  sources  do  not  afford  constant  and 
unfailing  supply,  nor  is  the  quality  of  the  water  the  best.  An 
abundance  of  water  can  usually  be  obtained  at  the  base  of  the 
drift  whose  thickness  runs  from  eighty  to  one  hundred  sixty 
feet.  Gravel  or  quick  sand,  and  in  some  instances  hard  pan,  are 
found  immediately  over  the  Kinderhook  limestone. 

The  town  supply  well  of  Latimer  penetrates  the  rock  one 
hundred  feet,  a  porous  member  of  the  Kinderhook  doubtless 
being  the  aquifer.  The  Dows  w^ell  is  eighty-four  feet  in  depth 
and  draws  its  water  supply  from  gravel  beds  above  the  rock. 
Scattered  over  the  south  half  of  Morgan  township  are  some 
fifteen  flowing  wells.  They  are  obtained  at  thirty  to  eighty  feet, 
and  are  said  to  all  reach  the  solid  rock.  Some  of  these  wells 
have  a  strong  flow,  while  in  others  the  water  barely  rises  to  the 
surface. 
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Outside  of  the  Wisconsin  drift  area  wells  are  quite  univer- 
sally sunk  into  the  indurated  strata  of  the  Carboniferous  and 
Devonian,  although  fairly  dependable  supplies  can  be  obtained 
in  places  from  the  gravels  and  the  alluvial  deposits  along  the 
larger  streams.  In  the  vicinity  of  Sheffield  and  in  general 
over  the  northeast  part  of  the  county  it  is  necessary  to  go  two 
hundred  feet  into  the  Devonian  for  water,  and  flows  are  some- 
times to  be  had  at  this  depth.  In  Ingham  and  Geneva  town- 
ships the  wells  are  frequently  three  hundred  feet  deep,  and 
drillers  report  penetrating  a  bed  of  quick  sand  at  about  eighty, 
and  another  at  three  hundred  feet. 

The  city  of  Hampton  draws  its  supply  of  water  chiefly  from 
the  deep  well  which  penetrates  seventy-four  feet  of  the  Jordan 
sandstone.  The  volume  of  water  afforded  by  the  Jordan  is  how- 
ever not  sufficient  and  is  supplemented  by  that  coming  from 
the  St.  Peter  sandstone.  The  water  stands  one  hundred  feet 
from  the  surface  and  is  pumped  from  one  hundred  seventy  feet. 
The  mineral  analysis  of  the  deep  well  water  is  as  follows: 
Analysis  Hampton  City  Well, 

Parts  per  million. 

SiOa 13  0 

Fe none 

Al 2.1 

Ca 80.7 

Mg 33  4 

Na  21  4 

K 7  6 

CO3 180.0 

HCOa ' 

SO4 59  0 

CI 5.0 

Analyst,  W.  S.  HendrizsoD, 

June  29.  1905. 

The  water  is  hard  and  is  corrosive  when  used  in  boilers.  It 
is  however  of  fair  quality  for  drinking  purposes. 

The  water  supply  for  Hampton  was  formerly  taken  from  two 
large  springs  which  flow  from  the  limestone  in  the  bank  of 
Squaw  creek.  These  springs  now  flow  into  a  large  cistern  and 
this  supplementary  supply  is  drawn  upon  quite  regularly  dur- 
ing certain  hours  each  day. 
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Water  Power. 

None  of  the  streams  of  Franklin  county  have  been  utilized  for 
water  power  with  the  exception  of  Spring  creek.  This  stream 
has  been  ponded  in  section  19  of  Mott  township  and  a  small 
lake  formed  by  an  artificial  dam  of  some  length  across  its  val- 
ley. Tliis  body  of  water  is  known  as  Beed  lake,  and  water  is 
run  from  it  through  a  race  to  the  flour  mill  one-half  mile  below 
the  lake.  The  other  streams  of  the  county  have  neither  a  suffic- 
iently constant  flow  nor  volume  great  enough  to  afford  econom- 
ical water  power.  Iowa  river  would  perhaps  be  the  only  pos- 
sible exception  so  far  as  the  flow  of  water  is  concerned,  but 
favorable  mill  sites  along  tliis  stream  are  very  rare. 
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and  to  Dr.  S.  W.  Beyer  for  advice  and  substantial  aid  in  some 
of  the  problems  met  in  the  field. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

The  two  oouuties  which  form  the  basis  of  the  present  sketch 
are  situate  in  the  northwestern  part  of  Iowa.  They  are  sep- 
arated from  the  north  lino  of  the  state  by  the  width  of  three 
counties,  and  from  the  western  border  by  the  length  of  one, 
AVoodbury.  Cherokee  and  Buena  Vista  counties  lie  immedi- 
ately north,  Calhoun  on  the  east,  Crawford  and  Carroll  on  the 
south.  Thoy  are  ])rairio  counties,  yet,  as  we  shall  see,  not  wholly 
without  luitive  forest,  with  the  general  topography  of  the  state 
at  largo,  yet  possessed  of  features  of  peculiar  interest,  like  all 
the  counties  round  about,  yet  offering  problems  not  a  few  to 
the  thoughtful  student,  and  affording  in  all  that  makes  for  sur- 
face description  or  definition,  a  physiognomy  at  once  unique 
and  full  of  interest. 

PREVIOUS  GEOLOGICAL  WORK. 

For  such  reasons,  doubtless,  these  two  counties  received, 
thirty  years  ago,  at  the  hands  of  our  ])ioneer  geologist,  Dr. 
White,  more  than  usual  attention.  Geological  views  have 
chang(»d  somewhat  since  his  day,  chiefly  in  the  direction  of  the 
mor<»  exact  delimitation  of  the  superficial  strata,  but  in  geogra- 
i>hy  and  topography  the  d(»scriptions  in  White's  Report,  here 
written  by  Afr.  0.  IJ.  St.  John,  leave  little  to  be  desired.* 

T)r.  White  also  investigated  very  carefully  and  satisfactorily 
all  the  more  inii)ortant  lakes  of  Iowa  and  give  a  good  account 
of  them.T 

His  explanation  of  the  so-called  '* walled  lakes",  one  of  which 
occurs  within  our  present  limits,  is  very  clear  and  he  seems  to 
have  been  the  first  to  refer  the  accumulation  of  debris,  gravel, 
bowlders,  etc.,  in  ridges  around  the  borders  of  shallow  lakes  to 
its  proper  cause,  namely  the  shoving  of  the  expanding  ice,  win- 
ter after  winter,  acting  upon  the  gently  sloping  shores.  He 
even  gives  us  a  figure  illustrating  this.:j: 


*Report  of  the  Geological  Survey  of  th9  state  of  Iowa,  by  Charles  A.  White,   M.  D. 

1870:  Vol.  2.  pp.  160-164 
fOp.cit.  Vol.1,  pp.  70-78 
:0p.  cit.  Vol.  1.  p.  77. 
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Dr.  Wilder  has  also  discussed,  more  in  the  light  of  present 
knowledge,  the  same  ** walled"  lake,  and  gives  account  of  its 
i\4ation  to  surrounding  topography,  in  the  proceedings  of  the 
Iowa  Academy  of  Science.* 

PHYSIOGRAPHY. 

TOPOGRAPHY 

The  topography  of  these  counties,  thu;s  lying  side  by  side  in 
the  midst  of  the  northwestern  Iowa  prairie,  is  far  from  uniform. 
As  already  hinted  it  is  everywhere  suggestively  diverse.  The 
farmers  of  the  region  have  long  since  distinguished  between 
cast  and  west  Sac,  for  instance,  and  the  hills  and  valley-lands 
of  Ida.  This  diversity  is  referable,  of  course,  to  the  recent  geo- 
logic history  of  the  whole  northwest  and  simply  finds  in  our 
present  area  a  more  conspicuous  illustration. 

If  one  begins  with  Ida  county  he  finds  a  land  of  high  prairie 
fields  perfectly  drained  in  almost  every  township  by  a  diver- 
gent and  far-spreading  drainage  system,  from  broad,  ample  val- 
leys worked  back  and  up  almost  to  the  last  section.  It  is  accord- 
ingly true  that  some  of  the  highest  land  in  the  county  is  the 
flattest.  The  prairies  about  Holstein  are  in  many  places  almost 
level,  yet,  as  anyone  who  consults  the  map  may  easily  see,  not 
far  removed  from  the  sources  of  streams  flowing  north,  south, 
east  and  west.  A  study  of  Griggs  township  and  its  topography 
affords  a  key  to  the  whole  drainage  situation  of  this  and  sev- 
(»ral  adjoining  counties  north  and  west.  The  Battle  creek  val- 
ley is  a  beautiful  region  with  gentle  slopes  on  every  side,  a  com- 
l)aratively  broad  flood-plain  widening  to  meet  that  of  the  Maple. 
Pprhai>s  the  fairest  view  of  a  typical  erosion  system  may  be  had 
from  the  cemetery  liill  in  section  22  of  Battle  township:  from 
this  i)oint  the  valley  of  the  west  fork  of  Battle  creek  stretches 
to  the  southeast  o^^  a  summer  day  in  unrivalled  beauty;  the 
flowing  outlines  blending;  no  flood-plain;  simply  a  winding  val- 
ley the  sloping  sides  now  covered  with  farms,  groves  and  lines 
of  cottonwoods,  with  meadows,  fields  of  corn  and  wide  spread 
crops  of  whitening  grain.  Below  the  United  Presbyterian 
church.  Battle  township,  the  valley  widens,  and  the  creek  wind<^ 
;W)out  in  alluvial  soil. 

*Iowa  Academy  of  Soience,  Procedintrs,  vol.  7,  p.  77. 
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The  valley  of  the  Maple  shows  similar  characteristics,  espec- 
ially in  its  tributa]-ies.  The  Maple  river  crosses  Ida  county 
almost  diagonally  from  northeast  to  southwest  and  on  its 
way  cuts  through  an  old  time  plateau  or  ridge  that  trends  in  a 
direction  almost  at  right  angles  to  the  course  of  the  stream. 
Ilolstein  occupies  the  crest  of  the  plateau,  but  high  hills  repre- 
senting the  remains  of  the  ridge  may  be  traced  southeastward 
through  Logan  and  Blaine  townsliii)s,  through  Richland, 
Wheeler,  Levey  and  Viola  townshii)s  of  Sac  county  and* on  into 
Carroll  county.  Where  the  river  cuts  this  old  divide  the  hills 
are  more  precipitous  and  the  valley  narrows.  This  is  especially 
noticeable  above  the  mouth  of  Silver  creek;  but  from  this  on 
southwest  we  have  a  distinct  flood  plain  from  one-half  mile 
to  a  mile  in  width,  in  whi(*li  tlu^  jn-esent  stream  winds  back 
and  forth,  somc^times  with  considerable  dejjosits  of  sand,  as  at 
the  old  town  of  Ida  (Jrove  and  west.  Here  the  river  has  cut  down 
pretty  well  to  l)aso-level  and  Ifia  (h'ove  is  more  than  two  hun- 
dred feet  lower  than  Ilolstein. 

South  of  Ida  Grove  is  another  divide,  where  the  valley  of 
Maple  rivca*  is  sei)arated  from  that  of  Soldier  river.  Here  again 
we  have  a  characteristic  erosional  topography.  There  is  prob- 
ablj^  not  an  acre  not  directly  connected  with  the  general  drainage 
system.  PVom  the  tops  of  the  hills  south  of  Ida  Grove  and  the 
Maple  valley  oiic  can  see  nearly  the  whole  county.  Along  the 
south  the  valley  of  Soldier  river  stretrhes  from  east  to  west; 
northward  and  westward  are  the  valleys  of  Rattle  creek  and  the 
lower  valley  of  the  Maple;  northeast  lies  the  valley  of  the  Maple 
river  proper  with  that  of  its  princii)al  tributary,  Odebolt  creek 

From  the  hills  in  Logan  township  one  can  see  all  of  Galva 
and  Silver  Creek  townships ;  from  the  church  hill  in  Griggs  town- 
ship the  valley  of  the  Little  Sioux  is  plainly  seen  and  the  trains 
of  the  Illinois  Central  railway  that  move  up  and  down  from 
Cherokee:  from  two  or  three  selected  points  one  may  see  the 
entire  limits  of  the  county;  surely  this  for  a  prairie  is  a  land  of 
beaiitifnl  landscapes. 

The  topograpliy  of  Sac  county  is  in  part  similar,  in  part 
extremely  different.  Tlie  northwest  portiop  of  the  county  is 
high  and  comparatively  level,  though  generally  well  drained; 
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the  southwest  is  quite  hilly,  while  the  center  is  described  as  a 
** gently  rolling  prairie"  with  long  valleys  trending  generally 
to  the  south.  In  both  counties  the  topography  becomes  more 
and  more  rugged  as  we  move  southwards ;  thus  south  and  west 
of  Odebolt  and  Arthur  in  the  direction  of  Soldier  river  the  land- 
scape presents  a  succession  of  hills  and  narrow  valleys  indic- 
ative of  recent  and  vigorous  erosion. 

The  eastern  half  of  Sac  county  is,  however,  very  unlike  all 
the  rest.  Here  the  country,  except  in  the  immediate  vicinity 
of  the  streams,  is  poorly  drained;  marshes  are  not  infrequent, 
Mud  gravelly  knolls  often  appear  in  curious  disorder,  lending 
little  or  no  assistance  in  the  problem  of  disposal  of  surface 
waters,  llore  are  the  lakes,  the  ponds,  the  slow  creeks,  the  wide, 
flat,  black  ]n'airios,  (Fig.  02)  the  sandy  fields,  characteristic  of 


Fiff.  62 -View  on  the  Wisconsin  drift  plain     A  prairie  highway. 

all  this  section  of  Iowa  to  the  east  and  north.  Those  who  have 
read  the  present  series  of  reports  will  immediately  recognize 
here  the  characteristic  features  of  our  latest  drift.  The  two 
sides  of  this  county  differ  in  topography  by  the  weathered 
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record  of  many  thousands  of  years.  In  the  immediate  neigh- 
borhood of  the  Coon  river,  however,  we  have  a  number  of  well 
drained  farms  for  reasons  that  may  presently  appear. 

Wall  lake, — But  doubtless  the  most  striking  topographic  fea- 
ture of  tlie  prairie  lands  we  now  survey  remains  yet  to  be  con- 
sidered. Wall  lake  in  Sac  county,  although  perliaps  not  the 
only  one  of  the  name,  is  yet  by  far  the  most  noteworthy.  It 
is  the  largest  of  the  walled  lakes  of  Iowa  and  has  been  longest 
known  to  fame. 

Here  we  have  a  handsome  sheet  of  water  a  little  more  than 
two  miles  long  from  east  to  west,  and  about  half  as  wide,  with 
curving  contour,  headlands,  bays,  more  or  less  of  wooded  shore, 
all  exceedingly  pretty  on  a  fair  summer  day,  attractive  to  the 
Indian  of  long  ago,  nor  less  to  thousands  of  his  supplanting 
white  brothers  who  visit  it  year  after  year  simply  to  enjoy 
the  beauty  of  its  transparent  waters.  Here  and  there  are  sandy 
beaches  where  one  might  bathe,  small  steam-boats  and  yachts 
ply  back  and  forth  in  public  service,  and  at  the  western  end  a 
strong  perennial  mineral  spring  affords  remedial  waters  for 
the  approval  of  all  who  still  seek  the  fountains  of  perpetual 
youth  and  health.  The  following  analysis  of  the  waters  here  is 
furnished  the  passing  visitor  at  Lake  View.  It  may  be  ob- 
served that  the  principal  minerals  held  here  in  solution  are  cal- 
cium and  magnesium,  the  lime,  as  is  to  be  expected,  greatly  pre- 
ponderating. The  bicarbonate  in  the  case  means  simply  that 
the  springs  issue  where  carbonic  acid  gas  is  in  excess  as  is  apt 
to  be  the  case  in  or  about  the  blue  clay  where  there  is  organic 
matter  slowly  undergoing  decomposition.  The  spring  doubt- 
less emerges  just  above  the  blue  clay. 

Each  gallon  of  spring  water  contains:— 

Sodium  chloride  (common  salt) 1 .  124  grains 

Potassium  sulphate 285  " 

Sodium  sulphite 1.596  ' ' 

Calcium  bicarbonate 18.  Ill  " 

Magnesium  "     9.470  ** 

Sodium  "        (soda) 336  " 

Iron  '•     032  '• 

Sodium  phosphate trace 

Alumina 150  '  * 
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Silica 1 .  180    grains . 

Organic  matter *. trace 

Total 32.284  grains 

The  waters  of  the  lake  are  not  very  de(?p,  perhaps  fifteen  or 
twenty  feet  at  deepest,  and  are  maintained  at  permanent  level 
by  a  dam  across  tlie  outlet  at  the  eastern  side.  There  are  fur- 
thermore several  places  along  the  shore  where  a  slight  excava- 
tion would  seem  sufficient  to  turn  the  waters  out  upon  the  lower 
lands  around  so  that  there  is  the  semblance  of  an  artificial 
embankment.  One  may  drive  along  such  a  levee  along  the  south 
shore  of  the  lake.  Furthermore,  by  all  the  testimony  of  the 
pioneer,  the  lake  was  one  time  walled;  granite  bowlders  piled 
upon  each  other  in  series  that  often  presented  the  appearance 
of  definite  order,  were  originally  characteristic,  as  we  are  told, 
of  a  large  part  of  the  perimeter  of  this  lake.  Parts  of  this 
wall  remain  and  are  still  pointed  out  to  the  interested  traveler. 
Most  of  the  wall  has  been  hauled  otf  piecemeal  to  make  founda- 
tions for  barns  and  houses,  but  still  enough  remains  to  satisfy 
the  antiquary.  A  great  bowlder  near  the  si)ring  may  serve  as 
sample  of  some  corner  stone,  a  tumbled  grouj)  along  the  north- 
ern shore,  (Fig.  03)  might  tempt  us  to  imagine  some  titanic 
tower  or  cairn  now  gone  to  ruin,  but  at  the  east  side  of  the  lake 
some  rods  of  what  purports  to  be  the  original  structure  here 
may  still  be  seen  in  i)lace,  bowlders  of  rather  small  and  uniform 
size  all  ranged  as  stubborn  rip-rap  piled  three  or  four  feet  high 
along  the  low  curving  shore. 

Dr.  White  saw  this  thing  and  well  understood  its  signilicance 
and  I  cannot  do  better  here  than  quote  from  his  report.* 

''The  lakes  are  almost  without  exception  very  shallow  and 
the  water  in  Them  is  usually  low  in  late  autumn,  so  that  when 
winter  comes,  it  is  frozen  to  the  bottom  over  so  wide  a  margin 
from  the  shore,  as  to  leave  in  some  of  them  very  little  unfrozen 
water  in  the  middle.  In  some  of  the  shallower  ones,  indeed,  the 
water  is  occasionally  all  frozen  and  the  fish  killed  by  that  means. 
This  was  the  case  a  few  years  ago  with  AValled  lake  in  Wright 
county,  but  it  has  since  been  partly  re-stocked  by  the  fry  that 
reaches  it  from  the  rivers  by  way  of  the  outlet  at  the  time  of 
overflow. 

•Report  of  the  Geol  Surv  of  the  State  of  Iowa,  by  Charles  A  White,  M.  D.,  Vol.  1. 
pp.  75-76. 
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The  ice,  of  course,  freezes  fast  to  everything  upon  the  bottom, 
whether  bowlders,  sand,  gravel,  or  mud,  and  the  exi)ansive 
power  of  the  water  in  the  act  of  freezing  is  exerted  upon  them, 
acting  from  the  center  of  the  lake  in  all  directions  towards  it^ 
circumference.  Those  who  are     familiar  witli     the  expansive 


Fisr-  63-Part  o!  the  "Ancient  Wall."  north  side  o!  Wall  Lake. 

power  of  ice  in  the  act  of  forming,  will  readily  see  that  under 
►^uch  circumstances  it  would  be  more  than  sufficient  to  move  the 
largest  bowlder  up  the  gentle  slope  of  the  bed  of  the  lake.  It 
is  true  that  the  motion  resulting  from  one  winter's  freezing 
would  hardly  be  perceptible,  but  the  act  repeated  from  year  to 
year,  and  from  century  to  century,  would  ultimately  move  every- 
thing upon  the  bottom  beyond  tlie  reach  of  the  ice.  The  tracks 
of  bowlders  thus  moved  have  been  observed,  being  as  unmis- 
takable in  their  character  as  are  those  which  a  mussel  leaves 
behind  it  in  the  sand. 

Thus  it  will  bo  seen  that  whatever  was  originally  upon  the 
l)ottom  of  tlie  lake  within  the  reach  of  the  ice,  whether  bowlders. 
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sand,  gravel  or  mud,  has  been  constantly  carried  toward  the 
shore,  where  we  find  them  collected  in  perfectly  natural  dis- 
order, and  forming  a  ridge  just  where  the  expansive  power  ol* 
the  ice  ceased.  Below  the  line  of  freezing  the  same  kind  of 
material  would  of  course  remain  unmoved  upon  the  bottom, 
because  there  is  nothing  to  disturb  it." 

But  no  description  of  Wall  lake  is  adequate  which  does  not 
take  into  account  at  the  same  time  the  great  hike-like  valley 
which  extends  from  the  west  end  of  the  lake  southward  and 
westward  to  the  westward  flexure  of  the  Boyor  river  in  Levey 
township  near  the  little  station  McCloy.  This  large  depression, 
until  recently  an  undrained  marsh,  is  four  or  five  times  as 
great  in  area  as  Wall  lake  itself  and  looks  at  first  sight  as  if 
it  might  at  one  time  have  been  part  of  it.  There  are  yet  many 
men  ready  to  tell  the  traveler  how  in  days  gone  by  there  were 
in  the  marsh  abundant  fish,  and  how  its  waters  at  times  went 
into  the  southwest  extension  of  the  lake.  At  present  the  lake  is 
cut  off  from  the  marsh  by  a  low  divide,  scarcely  perceptible, 
and  drainage  is  in  progress  which  will  probably  reduce  the  whole 
marsh  some  day  to  fertile  fields.  That  lake  and  marsh  are 
parts  of  the  same  basin  there  is  no  doubt.  Both  taken  together 
constitute,  it  is  most  probable,  part  of  an  old  river  valiey,  pos- 
sibly the  old  valley  of  the  Boyer  then  flowing  cast,  away  from 
the  divide,  later  herein  described,  now  cut  through  between 
McCloy  and  Herring  or  in  that  neighborhood.  It  seems  more 
than  likely  that  the  Boj-er  waters  now  going  to  the  Missouri 
may  have  once  contributed  to  the  l)es  Moines.  This  view  has 
been  already  discussed  by  the  present  writer.*  It  may  now 
be  added  as  confirmatory  of  this  view  that  parts  of  the  Coon 
river  valley  east  of  the  lake  are  no  doubt  old,  representative  of 
a  pre-Wisconsin  channel,  and  the  course  of  the  present  outlet 
seems  to  follow  the  line  that  would  put  the  marsh,  the  lake  and 
this  older  channel  into  direct  communication. 

This  matter  is  still  further  discussed  in  describing  the  rivers 
and  streams,  under  the  head  of  drainage,  but  it  is  worth  while 
to  notice  that  we  have  here  a  most  attractive  problem  that 
deserves,  and  will  well  reward,  the  effort  of  some  intelligent 

*[owa  Qeoloffical  Survey  Series,  Volume  12,  pp.  830. 331 . 
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local  student.  Wall  lake  has  an  inscription  written  on  tbii 
ground;  the  inscription  may  be  read  and  interpreted  to  men  in 
modern  speech. 

DRAINAGE . 

The  drainage  of  the  region  studied  has  been  already  more 
than  once  suggested.  The  greater  part  of  the  territory  we 
describe  slopes  gently  south  and  west.  Thus  from  Holstein  to 
Charter  Oak,  the  fall  is  about  two  hundred  feet  from  railway 
station  to  railway  station,  from  Arcadia  in  Carroll  county  to 
Charter  Oak,  nearly  the  same,  while  from  Holstein  to  Arcadia, 
almost  directly  southeast,  the  fall  is  only  eighteen  feet.  Holstein 
is  the  highest  point  in  Ida  and  Schaller  the  highest  in  Sac,  and 
the  former  is  only  fifty  feet  higher  than  the  latter.  That  is 
our  counties  lie  upon  the  crest  of  the  great  divide  recognized 
indeed  by  Dr.  AVhite,  separating  the  waters  of  the  Missouri 
from  those  of  the  Mississippi  slope.  For  the  trend  of  this 
ridge,  with  a  map  compare,  for  instance,  the  following  points 
all  upon  the  summit  of  the  divide  referred  to:  Boyden,  1425. 
Marcus  1455,  Holstein  1438,  Arcadia  1420,  Templeton  1460, 
etc.  This  highhind  determines  the  drainage  of  the  counties, 
with  one  remarkable  exception  hereinafter  to  be  discussed, — the 
course  of  the  Boyor  river.  All  the  streams  rising  west  of  the 
crest  should  flow  south  and  west;  all  those  taking  origin  east 
of  the  divide  should  flow  south  and  east, — and  in  general  they 
do  but  not  witliout  exception  as  we  shall  see  presently. 

The  Maple  river,-— The  Maple  river  crosses  Ida  county  from 
northeast  to  southwest  and  so  crosses  apparently  the  line  of  the 
divide;  really  it  takes  rise  on  high  prairies  to  the  north  of  Hol- 
stein and  Schaller  where  is  one  point  higher  than  any  in  this 
section  of  the  state,  namely  Alta,  a  station  just  west  of  Storm 
Lake,  nearly  one  hundred  feet  higher  than  Holstein,  and  so 
able  to  send  the  waters  gathered  on  its  western  side  across  the 
divide  here  sketched,  but  not  without  deep  erosion.  Witness 
the  steep  hills  that  flank  the  river  on  each  side  as  it  crosses  the 
line  of  division  just  defined,  as  for  instance  from  the  south  line 
of  Logan  township  north  for  several  miles.  The  station  at 
Ida  Grove,  somewhat  above  the  flood-plain  of  the  river,  is  .two  ' 
hundred  foet  below  that  of  Holstein  and  a  little  more  than 
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three  hundred  feet  below  that  at  Alta,  so  that  the  amount  of 
fall  is  great,  suflBcient  thoroughly  to  drain  all  the  contiguous 
farms,  as  we  see. 

The  waters  of  the  Maple  are  perennial  in  liberal  supply  and 
have  for  years  aiforded  suflBcient  water-power  for  a  little  mill 
still  in  active  service  at  Ida  Grove.  The  valley  below  the 
mouth  of  the  FAk  is  wide  and  fine  with  a  broad  flood-plain,  now 
occupied  with  be:iiitiful  farms. 

The  principal  eastern  tributaries  of  the  Maple  are  Silver 
creek,  Elk  creek  and  Odebolt  creek.  Silver  creek  rises  in  Coon 
township  of  Sac  county  and  with  Elk  creek,  which  has  a  similar 
origin,  forms  the  drainage  system  for  all  the  northwest  part  of 
Sac  county.  Their  valleys  ar(»  deep  as  they  approach  the  Maple 
and  are  bordered  by  long  and  in  some  places  rather  steep  hills. 
Odebolt  creek  is  an  imiwrtant  stream  draining  the  central  part 
of  western  Sac  county  and  passing  by  a  long  deeply  excavated 
valley  almost  directly  west  to  enter  the  Maple  at  Ida  Grove. 
Steep  hills  flank  the  valley  on  each  side  and  are  especially 
noticeal)le  in  the  neighborhood  of  Arthur  and  near  the  county 
line.  A  succession  of  long  valleys  lead  into  the  Odebolt  from 
the  south,  coming  down  from  a  high  ridge  which  forms  a  divide 
separating  the  valley  of  the  Odebolt  from  that  of  Soldier  river 
on  the  south.  The  latter  stream  bends  u}>  in  a  i)eculiar  arch 
through  the  southern  townships  of  Ida  county,  occupies  a  deep 
valley  with  many  little  tributary  creeks  from  the  north  side, 
which  make  an  extremely  broken  country,  but  all  yielding  easily 
to  tillage.  All  the  hills  from  top  to  bottom  are  year  by 
year  covered  with  corn.  All  these  streams  are  remarkable  for 
their  deep  erosion;  all  of  them  are  said  to  be  perennial,  fed  by 
seeping  springs,  which  emerge  probably,  in  many  cases  above 
the  blue  clay.  The  creek  bottoms  are  alluvial  soil,  in  which  not 
a  pebble  or  bowlder  is  to  be  seen.  In  many  cases  the  bed  of  the 
stream  is,  however,  black. 

The  Boyer  river. — The  drainage  situation  on  the  eastern  side 
of  the  divide  as  here  discussed  is  entirely  different.  The  Boyer 
river  and  the  Coon  are  the  principal  streams.  The  former 
rises  in  Buena  Vista  county  south  of  Storm  lake  and  occupies 
a  shallow  but  well   eroded   valley  that  passes  directly  south 
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through  almost  the  center  of  Sac  county.  In  the  eastern  part 
of  Levey  township  and  the  western  part  of  Viola,  the  stream 
enters  upon  a  comparatively  very  wide  flood  plain  two  or  three 
miles  in  either  direction.  Here  seems  to  have  been  an  old  time 
center  of  erosion,  produced  by  the  convergence  of  many  minor 
streams,  the  Boyir  the  largest,  all  uniting  to  form  a  river  that 
then  flowed  east.  As  one  follows  the  course  of  tlie  present  river 
westward  he  is  at  once  struck  with  the  narrowness  of  the  valley 
which  trends  now  almost  directly  southwest.  The  excavation 
in  section  32,  Levey  township,  is  less  than  a  mile  wide  and  grows 
narrower  as  one  descends  the  stream;  at  length,  just  about 
Boyer  station  on  the  line  of  the  Chicago  &  Northwestern  rail- 
way, the  hills  no  more  than  half  a  mile,  or  oven  less,  distant,  the 
flood  plain  is  less  than  Forty  rods  wide. 

Beyond  this  point  the  stream  valley  gradually  widens  as  wo 
should  expect,  though  still  very  narrow  as  far  down  the  stream 
as  Deloit,  the  terrane  to  be  eroded  being  the  same  as  we  descemi 
toward  the  Missouri  flood  plains. 

The  higli  ridge  or  divide  spoken  of  in  discussing  topography 
is  cut  through  just  about  where  the  valley  begins  to  narrow  in 
its  soutliwesterly  course,  and  it  seems  likely  that  here  the  pres- 
ent river  occupie>  the  channel  of  a  stream  once  coming  from  the 
southwest.  The  present  channel  of  the  Boyer  west  of  the  divide 
was  at  thai  time  occupied  possibly  by  a  small  stream  flowing 
as  now  southwest.  The  damming  of  the  waters  about  Wall 
lake,  made  at  first  a  great  lake  of  all  this  wide  flood  plain  valley, 
already  referred  to,  and  its  overflow  and  final  escape  seems  to 
have  cut  out  the  narrow  valley  now  occu])ied  by  the  Boyer,  as 
described,  from  TTerring  southwest  to  the  neighborhood  of 
Deloit. 

The  Coon  river. — The  Coon  river  rises  in  the  marshes  of 
Buena  Vista  county,  receives,  or  did  receive,  a  tributary  from 
Storm  lake,  traverses  Sac  county  by  a  tortuous  channel  in  a  gen- 
eral southeasterly  direction,  makes  a  horse  shoe  bend  and  emer- 
ges from  the  county  flowing  northeast,  about  five  miles  north 
of  the  southeast  corner. 

Above  Sac  City  the  valley  is  generally  narrow,  with  steep 
sides  furrowed  by  hundreds  of  sharp  little  ravines  indicative  of 
recent  erosion  and  general  newness  of  topography;  below  Sac 
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City  the  valley  is  at  first  considerably  wider,  where  it  joins 
that  of  Cedar  creek,  a  stream  of  perhaps  so  far  equal  volume. 
Below  the  mouth  of  the  Cedar  the  valley  is  very  much  wider, 
more  than  a  mile  in  width,  with  abundant  gravel  trains  and 
benches  of  gravel  and  sand  among  which  the  current  has  lately 
excavated  a  crooked  channel.  At  the  entrance  of  Indian  creek 
there  is,  of  course,  a  natural  widening.  At  school  house  No. 
8,  Coon  Valley  township,  the  valley  is  a  mile  and  a  half  wide 
between  banks,  but  from  this  on,  especially  where  the  river  turns 
directly  south,  it  enters  a  rapidly  narrowing  valley.  Immedi- 
ately south  of  Grant  City  the  distance  from  bluff  to  bluff  is 
certainly  not  one-half  a  mile  and  the  flood  plain  of  the  present 
stream  not  more  than  half  of  that.  Beyond  these  narrows  the 
river  turns  north  and,  as  stated,  presently  leaves  the  county 
flowing  northeast  in  a  somewhat  widened  channel. 

The  principal  tributary  on  the  west  is  Indian  creek,  a  peren- 
nial stream  floyving  almost  parallel  to  the  Coon,  rising  in 
marshes  in  the  north  part  of , the  county  that  to  all  appearance 
might  quite  as  well  have  drained  into  the  Coon.  The  history 
and  relations  of  these  streams  to  each  other  will  be  argued 
farther  on. 

All  tliese  str(»ams  are  fed  by  si)rings.  When  not  surcharged 
by  storm-water  the  currents  are  clear  and  cool.  The  springs 
are  not  large,  some  might  be  better  called  seeps;  but  they  are 
numerous,  especially  along  the  valley  of  the  Coon.  One  such, 
or  rather  a  group  of  such  si>rings,  suiiplies  Sac  City  with  water. 
These  emerge  on  a  gentle  slope  a  few  feet  above  the  bed  of  a 
small  creek  that  enters  the  Coon  river  from  the  east.  There 
are  no  exposures  that  enable  the  observer  to  trace  the  origin 
of  these  waters  but  from  the  data  at  hand  it  is  probable  that 
they  come  out  over  the  omnipresent  blue  clay. 

There  are  similar  springs  near  Grant  City,  some  of  which  have 
origin  above  bhie  clay,  others  above  a  different  clay  or  shale 
to  be  later  on  described,  bnt  in  every  case  the  springs  seem  to 
represent  surface  waters  from  no  distant  gathering  ground, 
waters  that  soak  through  the  looser  overlying  clays,  drift  and 
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gravel  and  are  finally  sent  out  as  they  encounter  a  less  per- 
vious though  by  no  means  indurated  horizon.  A  fine  little 
spring  rises  in  the  southwest  quarter  of  section  14  in  Sac  town- 
ship. 

On  the  whole  these  two  counties  are  exceedingly  well  drained; 
some  parts  of  eastern  Sac  are,  of  course,  undrained  and  there 
are  flats  here  and  there  elsewhere  that  must  be  ditched  or  tiled, 
but  the  drainage  of  by  far  the  greater  part  of  our  territory 

is  complete. 

STRATIGRAPHY. 

The  stratigrapliy  of  the  land  we  study  is  for  the  most  part 
simple  enough.  We  liave  the  usual  sheets  of  drift,  whelming 
the  country  almost  absolutely  from  side  to  side,  their  members 
appearing  in  the  ordinary  sequence,  covered  withal  over  larg^ 
part  of  the  area  by  the  flue  clay-like  deposit,  which  White  nameo 
the  blulT  deposit,  but  which  men  nowadays  familiarly  know  as 
loess. 

This  we  say  is  almost  universal.  There  do  occur,  neverthe- 
less, in  the  extreme  soutlieastoni  })art  of  our  territory  some 
slight  ixpo.surcs  of  older  formations,  sandstones  and  shales, 
nnd  there  are  along  the  river  channels  here  and  there  deposits 
that  ai*e  neitluM*  drift  nor  loess,  deposits  left  as  a  product  of 
erosion  of  sweeping  waters:  these  are  alluvial.  With  these 
two  slight  exceptions  all  tlie  surface  of  tlie  two  counties  is  either 
simple  or  loess-covered  drift. 

The  following  table  shows  the  secpience  of  the  geologic  strata 
with  which  we  iiave  here  to  do  as  they  are  now  generally  recog- 
nized nnd  11  Mined: 


GROUP 


Cenczoic     Pleistocene 


Recenr 


Glacial 


FORMATION 


Wisconsin 


Peorian 


Kansan 


PreKansan 


Mesozoic 


Cretaceous 


Upper  Cretac- 
eous 


Colorado 


Dakota 


Alluvium 


Gravel  trains 
Wisconsin  clay 


Loess 


Buchanan  gravel 
Kansan  drift 


Pre- Kansan  drift 


Prionocyclus  shales 

Chalk 

Shale  and  clay 


Sandstone 
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CRETACEOUS  STSTEM. 

The  Cretaceous  rocks  of  the  world  were  so  named  because 
as  exposed  along  the  coasts  of  France  and  England,  where  first 
they  were  studied,  these  rocks  are  largely  chalk.  On  either 
side  of  the  straits  of  Dover  lln^y  stand  as  great  crumbling  walls 
of  white  so  friable  that  the  wonder  is  they  have  not  long  since 
disappeared.  It  is  strange  enough  to  find  this  same  crumbling 
material  piled  uj)  away  here  in  the  middle  of  the  American 
continent  and  to  find  by  its  fossils  that  it  has  the  same  age  and 
history,  and  represents  the  same  stage  in  the  upbuilding  of  the 
world.  The  most  distinctive  fossils  an»  microscopically  small, 
but  extremely  abundant:  so  abundant  that  they  actually  make 
UJ)  a  large  part  of  the  substance  of  this  most  singular  material. 
These  tiny  fossils,  greatly  magnified,  an*  shown  in  Plate  VIII. 

But  these  Cretaceous  rocks  are  not  all  chalk.  Mixed  with  the 
deposits  of  chalk  are  layers  and  sh(»ets  of  limestone,  beds  of 
sandstone  and  clay  and  often  thick  deposits  of  marl  and  shale. 
In  a  very  restricted  area  in  southeastei-n  Sac  county  we  have 
a  considerable  variety  of  these  deposits. 

It  remains  to  be  said  that  the  Cretaceous  series  of  rocks 
often  carries  coal,  sometimes  of  (excellent  quality,  and  that  it 
probably  immediately  overlies,  in  many  jiarts  of  Iowa,  rocks 
of  the  Carboniferous  or  coal-bearing  system,  so  that  we  are 
not  surprised  to  hear  rei)orts  of  coal  discovered  by  tliose  who 
sink  wells  and  other  borings  in  our  section. 

DAKOTA  STAGE. 

The  Dakota  Sandstonr. — The  lowest  strata  of  the  (-retaceous 
rocks  as  we  find  them  exposed  in  Sac  county,  are  very  friable, 
coarse-grained,  yellow,  heavy  bedded  sandstone.  There  is  an 
exposure,  some  fifteen  or  twenty  feet  high,  along  tlie  south  bank 
of  Coon  river,  just  below  Grant  City.  The  beds  apy)ear  to  dip 
back  under  the  hill  in  a  southeasterly  direction,  but  the  exposure 
is  so  slight  that  this  is  not  easily  determined.  The  rock  is  so 
coarse  and  friable  as  to  be  easily  crumbled  in  the  hand,  al- 
though it  seems  to  harden  somewliat  in  the  weather.  The  lat- 
eral extent  of  this  exposure  is  small.  It  may  be  definitely  fol- 
lowed only  for  a  few  rods  as  here  described;  but  the  sandstone 
is  reported  by  well  diggers  in  many  places  in  the  vicinity,  and 
is  no  doubt  continuous  far  to  the  north  and  west. 


Plate  Vni.       PORAMINIPERA  PROM  CREPACEAUS  CHALK. 


1.2.4  Globifferina  cretacea  d'Orbismy.  3.  Globifirerina  disrltata  Brady.  6.8.7.  Textu- 
laria  srlobulosa  Jflhrenbersr.  BoliTina  punctata  d'Orbifrny.  9  Oristellarla  complanata 
Beuss.  10.  Ajiomalina  ammonoides  Reuse  11,  12, 13.  Nodosaria  consobrina  d'Orblmj. 
U.    Prondiouiaria  sp? 
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This  is  the  famous  sandstone  of  western  Nebraska  and  Dakota 
and  all  the  eastern  Rocky  Mountain  region.  In  the  Black  Hills, 
beds  of  it  may  be  seen  piled  up  hundreds  of  feet  thick,  so  that 
our  little  Sac  county  exposure  is  only  one  of  the  most  eastern 
outcrops  of  a  vast  formation,  a  formation  that  in  this  latitude 
underlies  all  the  plains  and  prairies  of  the  west. 

Our  little  exposure  has  been  brought  to  light  by  the  erosion 
of  the  river  valley  here  and  is  cut  in  two  by  a  small  ravine, 
now  somewhat  choked  up  by  bowlders,  sand  and  other  debris. 
If  one  follows  back  a  little  way  up  this  ravine  he  comes  upon 
considerable  beds  of  very  tough  clay,  red  and  drab  and  white 
and  yellow,  sticky  and  plastic  when  wet,  when  dry  almost  as 
hard  as  rock  and,  where  unaflfected  by  the  weather,  possible  of 
excavation  only  by  a  pick.  This  body  of  clay  represents,  prob- 
ably, a  formation  known  everywhere  as  overlying  the  Dakota 
sandstone,  and  called  the  Fort  Benton  shales.  These  clay  or 
shale  deposits  as  here  revealed  we  now  proceed  to  describe, 

COLORADO  STAGE. 

Fort  Benton  Shales, — A  few  rods  down  the  river  from  the 
point  last  named  there  is,  next  to  the  water's  edge  where  the 
stream  undermines  the  bank,  a  considerable  exposure,  ten  or 
fifteen  feet  perhaps,  of  impure  clay  mixed  with  irregular  lam- 
inae and  plates  of  hematite  or  iron  ore,  weathering  and  breaking 
up  slowly  into  a  confused  mass  to  which  the  overlying  soil  and 
drift  contributes.  This  formation  probably  forms  here  the 
bottom  of  the  river,  for  across  the  river  in  the  southeast  corner 
of  section  11,  a  little  higher  up  the  river,  we  have  a  similar  expo- 
sure with  intermingling  layers  of  sandstone.  Further  west, 
but  still  in  the  southeast  quarter  of  section  11,  the  clays  and 
shales  are  exposed  up  some  forty  feet  above  the  river  and 
clearly  high  above  the  sandstone  of  section  12  as  described  in  the 
preceding  paragraph.  Here  we  have  a  perfect  exposure  of  the 
Benton  shales.  Materials  from  shafts  sunk  here  by  those  look- 
ing for  brick  clay  show  a  fissile,  drab-colored  fireclay-looking 
substance,  to  be  excavated  only  with  the  pick,  but  weathering 
into  fine  clayey  soil.    In  the  material  removed  by  digging  was 
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found  a  single  fossil  imprint,  identified  by  Prof.  Calvin  as  the 
imprint  of  Prionocyclus  wyomingensis,  a  characteristic  Fort 
Benton  shales  fossil,  so  that  our  horizon  is  so  far  determined. 

Farther  up  the  river,  perhaps  two  miles,  measured  along 
the  stream,  we  find  at  the  water's  edge  a  small  exposure  of  pure 
bluish  clay  carrying  a  seam  of  jet  black  carbonaceous  matter 
that  seems  to  be  largely  clay  as  it  refuses  to  burn  when  dry. 
The  seam  is  about  an  inch  and  a  half  in  thickness.  There  are 
similar  outcrops  here  and  there  between  the  point  last  men- 
tioned and  that  described  in  section  12,  but  none  so  pure  or 
remarkable  as  this. 

In  lot  58  in  the  southwest  of  section  11,  the  face  of  the  bluflF 
shows  a  small  but  beautiful  exposure  of  comparatively  pure 
chalk.  The  material  is  white  or  cream  colored,  light,  soft;  so 
soft  that  it  may  be  easily  crushed  in  the  fingers.  The  micro- 
scopic examination  of  this  material  reveals  an  abundance  of 
the  minute  foraminifera  which  are  characteristic  of  the  chalk 
deposits  of  the  world.  The  exposure  at  present  shows  only  a 
few  feet  of  the  material,  but  it  doubtless  extends  much  deeper; 
probably  down  to  some  of  the  clay  beds  we  have  been  consider- 
ing since  a  spring  hard  by  emerges  apparently  from  the  base  of 
the  chalk  and  above  the  impervious  clay.  This  would  indicate 
a  chalk  deposit  of  fifteen  or  twenty  feet. 

Above  the  chalk  at  this  point  we  have  lying  in  the  surface 
detritus  abundant  fragments  of  limestone,  evidently  of  local 
origin.  The  particular  horizon  to  which  these  fragments  belong 
was  not  discovered;  we  only  know  that  it  is  above  the  chalk 
deposit  just  described.  It  is  even  possible  that  a  section  here 
mi^ht  show  chalk  both  above  and  below.  At  any  rate  the  lime- 
stone fragments  carry  bits  of  the  shells  of  Inoceramus  labiatus. 
The  topography  does  not  indicate  the  presence  in  the  bluff,  of 
any  considerable  thickness  of  limestone.  The  hills  are  all  erod- 
ed with  comparatively  gentle  rounded  slopes.  It  is  probable 
that  our  Inoceramus  beds  here  consist  of  no  more  than  a  single 
parting  sheet  or  layer  an  inch  or  two  in  thickness. 
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A  tentative  table  of  the  Cretaceous  exposures  at  and  near 
Grant  City  may  be  arranged  in  some  such  way  as  follows : 

FBBT. 

Inoceramus  b«ds  and  impare  chalk ? 

Chalk  15 

Pure  blue  clay  with  carbonaceous  seams 5 

Gray  or  drab  colored  shales,  Beaton IS 

Coarse-grained  sandstone,  typical  Dakota 12 

Clays  mixed  with  sandstones,  with  ferruginous  plates  aud  lamiree  10 

These  are  in  every  case  moderate  estimates.  The  total  thick- 
ness, measured  in  altitude,  may  be  less,  but  it  seems  that  the 
Cretaceous  came  upon  a  surface  already  deeply  eroded,  so  that 
one  cannot  reckon  too  closely  upon  successive  horizons  even 
where  the  rocky  members  evidently  change. 

PLEISTOCENE  STSTEM. 

The  isolated  exposures  thus  far  discussed,  though  sufficiently 
suggestive  of  what  we  may  everywhere  expect  beneath  the  soils 
of  these  two  counties,  are  insignificant  indeed  when  compared 
to  the  vast  bodies  of  clay  and  gravel,  sand  and  drift  to  which 
we  now  give  heed. 

To  the  ordinary  observer  these  are  all  alike,  they  are  simply 
a  confused  mass  in  which  rock  of  every  description  may  be 
found  in  pieces  of  almost  every  size.  It  is,  however,  generally 
recognized  that  down  under  the  surface  soil  at  varying  depths 
the  color  of  the  deposit  changes.  Everybody  knows  of  the  blue 
clay  and  refers  to  it  as  a  datum  line  in  connection  with  the 
search  for  water.  This  blue  clay  is  also  for  the  geologist  a 
horizon  of  reference  and  marks  fot  him  the  place  of  the  most 
wide-spread  member  of  the  Pleistocene  system. 

KANSAN  STAGE. 

The  Kansan  Drift, — The  Kansan  drift  in  Iowa  is  an  almost 
universal  thing  and  here  underlies  at  various  depths  the  entire 
surface  of  the  two  counties.  As  ordinarily  exposed  in  different 
parts  of  the  state  the  Kansan  offers  three  phases ;-  the  blue  clay, 
an  unweathered,  exceedingly  hard,  tough  or  tenacious  clay  more 
or  less  sandy  and  filled  with  scattered  pebbles  and  ''nigger- 
heads"  or  hard  bowlders,  generally  of  moderate  size,  though 
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sometimes  quite  large,  with  often  pieces  of  half -rotten  wood  as 
well;  the  yellow  till,  simply  the  weathered  phase  of  the  blue  clay 
and  blending  with  it  both  in  color  and  structure,  through  apt  to 
be  more  decidedly  intersected  by  curious  irregular  planes  of 
cleavage,  jointed,  we  say,  the  wood  now  all  disappeared,  and 
the  joints  stained  by  filtrations  from  above;  and  finally  the 
Buchanan  gravel. 

As  already  intimated,  the  blue  clay  forms,  in  popular  esti- 
mation, a  sort  of  bottom  to  the  whole  surface  series.  Under- 
neath it  there  is  generally  found  a  bed  of  sand  or  gravel  with 
abundant  water,  and  exploration  ceases.  These  gravels  have 
come  to  be  known  in  American  literature  as  Aftonian  gravels 
and  seem  to  indicate  a  still  deeper  sheet  of  drift. 

The  thickness  of  the  blue  clay  varies  greatly,  as  also  the  depth 
at  which  it  lies  beneath  the  surface.  Wells  are  commonly  re- 
ported in  Sac  county  at  twelve  or  fifteen  feet  where  water  is 
found  above  the  blue  clay.  In  some  instances  blue  clay  is 
reported  at  five  feet  below  the  surface.  In  Ida  county  the  blue 
clay  lies  generally  much  deeper ;  often  it  is  reported  at  twenty- 
five  to  forty  feet.  However,  in  Silver  Creek  and  Galva  town- 
ships the  depth  was  given  at  ten  or  fifteen  feet  and  about  Hol- 
stein  seven  or  eight.  The  thickness  as  quoted  by  well-diggers 
ranges  from  sixty  to  one  hundred  and  fifty  feet. 

Exposures  of  the  blue  clay  are  seldom  seen  for  the  reason 
that  the  formation  is  naturally  uncovered  by  erosion  only.  It 
is  accordingly  discoverable  in  the  beds  or  banks  of  streams, 
in  either  locality  generally  covered  by  debris  either  from  above 
or  alluvial.  However,  there  are  exposures  not  a  few,  in  all 
parts  of  the  territory  now  before  us.  There  are  fine  exposures 
along  the  banks  of  Porter  creek  in  Ida  county  about  the  county 
line  and  below,  where  springs  emerge  above  the  clay.  A  cut- 
ting of  the  Chicago,  Milwaukee  and  Saint  Paul  railway  immedi- 
ately north  of  Sac  City  reveals  the  blue  clay  at  its  base  and  in 
the  ditch  along  the  track.  A  seeping  spring  by  the  river,  on 
the  west  side,  near  Grant  City  in  the  northeast  of  section  10, 
comes  out  from  beneath  a  bed  of  remarkable  ferruginous  gravel 
and  flows  down  over  an  exposure  of  very  tough  blue  clay  which 
appears  to  belong  here. 

♦See  Volume  VIII  o!  the  present  series  of  Reports,  p.  216  and  pp.  211-241.  Also  the 
Journal  of  Geoiosy.  Vol  6.  pp.  176  et  seq. 
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An  exposure  of  the  gravels  in  question  was  observed  in  sec- 
tion 27,  Corwin  township  in  Ida  county,  where  in  the  valley  of 
a  small  creek  the  following  section  was  made  out: 

4.  Loess»  yellow,  of  UDknown  thickness 

3.  Loess?  blnish  or  blackish-blae 2  feet 

2.  Perretto  zone 3  feet 

1 .  Gravel  and  sand 2  feet 

The  gravel  pit  used  by  Ida  Grove,  a  mile  or  two  southwest  of 
the  city  is  probably  to  be  placed  here,  but  the  materials  have 
been  sorted  over  since. 

An  exposure  of  these  gravels  in  Sac  county  has  already  re- 
ceived mention  in  connection  with  the  blue  clay  near  Grant  City. 
Here  the  exposure  is  small  and  shows  ferretto  only.  The  iron 
is  so  abundant  that  it  not  only  impregnates  the  water  but  forms 
immediate  and  extensive  deposits  in  vegetation,  on  sticks  and 
stones,  all  the  way  down  to  the  river;  in  fact  we  have  a  chaly- 
beate spring. 

The  most  satisfactory  exposures  of  the  whole  Kansan,  indeed 
the  whole  Pleistocene  system  in  this  jiart  of  Iowa,  are  to  be 
seen  in  Carroll  county  just  south  of  our  present  field.  Here  in 
the  recent  cuts  of  the  Chicage  Great  Western  railway,  east  of 
Carroll,  the  face  of  the  cutting  is  in  some  parts  still  fresh  enough 
to  enable  us  to  read  the  succession  of  deposits. 

Everywliere,  however,  the  Kansan  is  represented  by  yellow  or 
brownish-yellow  till,  made  up  of  hard,  joi^ited  clays  mingled 
with  sand  and  bowlders  or  even  with  bowlders  of  sand  revealed 
now  by  limited  bodies  or  pockets  of  sand  in  the  substance 
of  the  drift  itself.  These  are  not  infrequently  observed  on  the 
face  of  railway  and  highway  cuttings.  This  phase  of  the  Kan- 
san is  the  common  drift  of  Ida  county,  and  in  Sac  county  is 
discoverable  everywhere  west  of  Indian  creek.  East  of  Indian 
creek  this  whole  formation  is  covered  by  a  later  drift  presently 
to  be  described,  but  nevertheless  exposures  of  Kansan  yellow 
till  are  frequent,  particularly  on  the  west  side  of  Indian  creek 
and  along  the  bluffs  and  banks  of  Coon  river. 

Buchanan  Gravels. — The  Buchanan  gravels  are  less  seldom 
observed  than  the  Kansan  drift.  These  followed  in  de- 
position   immediately    the    withdrawal    of    the    Kansan    ice, 
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were  first  subject  to  weathering  and  erosion,  and  are 
now  represented  in  sectional  exposures  generally,  by  a 
line  of  sand  or  smaller  bowlders  capping  the  drift  and 
separating  it  from  the  overlying  loess.  In  many  cases, 
however,  the  gravels  rest  immediately  upon  unmodified  blue 
clay  and  seem  not  only  unweathered  and  undisturbed  them- 
selves but  seem  also  to  have  in  some  way  prevented  the  oxidation 
of  the  lower  member.  These  gravels  are  commonly  heavily 
stained  with  iron,  sometimes  to  the  extent  of  consolidation  more 
or  less  complete,  forming  dark  or  red-brown  sheets  and  streaks 
extending  horizontally  sometimes  for  considerable  distances. 
Such  features  have  received  the  name  ferretto  zone  (Italian 
ferretto,  a  small  piece  of  iron). 

From  this  locality  the  following:  section  may  be  recorded : 

5.     Wisconsin  drift  with  bowlders 3  to  10  feet 

4.     Loess  with  fossil  shells 3  to  20  feet 

3.     An  old  surface  soil,  more  or   less   leached,    carrying 

fossils,  shells,  bits  of  vegetation,  etc 3  feet 

2 .     Ferretto  zone 3  to  4  feet 

1.     Kansan  till,  yellow 10  to  20  feet 

A  similar  section  may  be  studied  just  north  of  Sac  City.  This 
will  be  given  farther  on. 

lOWAN  STAGE. 

The  Loess, — Over  all  the  hills  and  valleys  of  Ida  county  and 
the  western  half  of  Sac  county,  except  the  flood  plains  of  the 
larger  streams,  there  spreads  a  mantle  of  peculiar  soil  com- 
monly named  among  the  farmers  as  yellow  clay,  but,  by  White 
calle  1  bluff-material,  because  it  abounds  along  the  Missouri 
bluffs.  In  the  present  series  of  reports  this  yellow  clay  bears 
the  name  of  loess,  a  word  of  German  origin  said  to  have  been 
originally  applied  to  certain  calcareous,  argillaceous  or  clayey 
deposits  along  the  Ehine,  but  in  the  Mississippi  valley  applied 
to  describe  the  wide-spread  yellow  sarface  deposits  illustrated 
by  the  material  now  before  us. 

This  loess  forms  the  subsoil  of  the  finest  farming  l^nds  of 
Iowa.  Its  depth  increases  to  the  west,  varying  from  a  few 
feet  in  Sac  county  to  many  yards  in  Woodbury  and  Monona 
Fine  exposures  are  to  be  seen  in  every  part  of  the  region  it 
affects,  although  sometimes  on  hillsides  In  the  vicinity  of  the 
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larger  streams  it  seems  to  iiave  been  all  denuded  by  storm  water, 
or  by  the  wind.  In  the  cut  immediately  south  of  the  Wall  Lake 
station  of  the  Illinois  Central  railway  the  Kansan  drift  is  ex- 
posed for  twenty  feet  or  more,  but  there  is  no  trace  of  loess, 
though  here  to  be  expected.  The  same  thing  is  true  of  all  the 
slopes  and  hilltops  along  the  Boyer  river  in  the  neighborhood 
of  the  town  of  Wall  Lake.  In  the  southwest  quarter  of  section 
29,  Wall  Lake  township,  a  well  in  process  of  excavation  showed 
loess  six  feet.  Eighty  feet  of  drift  was  encountered  here  above 
the  blue  clay,  and  thirty  feet  below  this  lay  a  considerable  for- 
est bed. 

Fine  exposures  of  loess  conforming  to  an  eroded  Kansan  sur- 
face may  be  seen  on  the  line  of  the  Chicago  Great  Western  rail- 
way ,west  of  Carroll.  The  railway  cuts  in  Ida  county  are  too 
old  to  be  of  service  here.  But  there  is  a  fine  exposure  of  loess 
lying  immediately  upon  the  Kansan  drift  at  the  bridge  by  the 
old  mill  near  Ida  Grove.  A  bowlder  lies  directly  in  the  line  of 
contact;  there  is  no  indication  of  weathered  material  and  no 
gravel  or  ferretto.  The  loess  is  reported  at  twenty  feet  in 
thickness  on  the  hill  above. 

On  the  heights  south  of  Ida  &rove,  in  south  Corwin  township, 
the  loess  is  much  lighter,  full  of  loess  kindchen  or  concretionary 
little  lumps  of  lime,  and  sometimes  passes  into  fine  sand.  Along 
the  Odebolt,  east  of  Ida  Grove,  there  are  considerable  expo- 
sures of  sand,  and  these  are  in  some  instances  at  least  capped 
with  loess  of  the  more  sandy  type. 

WISCONSIN  STAGE. 

The  Wisconsin  drift. — The  whole  of  eastern  Sac  county,  as 
already  stated,  has  a  peculiar  topography ;  it  has  its  own  strati- 
graphy and  history  as  well. 

If  one  drives  east  from  the  town  of  Early  two  miles  to  the 
school-house  No.  1,  he  will  find  just  east  of  the  school-house  a 
small  hill  on  the  south  side  of  the  highway.  The  exposure  or 
bank  formed  by  the  cutting  for  the  road  shows  loess,  such  as 
just  described,  covered  by  about  fifteen  feet  of  drift.  This 
drift  is  different  from  the  Kansan,  here  far  below,  and  extends 
eastward  and  northward  and  northwestward  for  many  miles  in 
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Tiorthern  Iowa.  If  we  could  turn  north  at  the  school-house 
named  we  should  find  a  similar  exposure  on  the  north  side  of 
section  2  on  the  west  of  Indian  creek,  and  we  should  find  the 
same  drift  following  the  creek,  about  one-fourth  of  a  mile  east 
of  school-house  No.  7,  Delaware  township;  while  school-house 
No.  4  in  the  same  township  sits  upon  a  low  hill  or  mound  of  the 
same  material,  and  school-house  No.  3,  two  miles  f^arther  north, 
is  just  a  little  west  of  a  swell  of  similar  material. 

Could  we  turn  south  at  the  school-house  first  named,  No.  1  in 
Boyer  Valley  township,  we  should  be  able  to  trace  the  same 
peculiar  drift  all  the  way  down  Indian  creek,  mounds  of  sand 
and  gravel  often  appearing  generally  a  little  east  of  the  stream, 
although  evidences  of  the  Wisconsin  were  traced  in  sections  23, 
26  and  25,  Boyer  Valley  township. 

In  fact,  Indian  creek  is  fairly  the  western  border  of  the  new 
drift  all  across  Wall  Lake  township  to  the  town  of  Lake  View. 
Sometimes  bowlders,  gravel  patches,  etc.,  suggest  that  the  Wis- 
consin ice  reached  the  western  slopes  leading  to  the  creek,  but  in 
general  the  west  bank  of  this  little  stream  is  Kansan  and  the 
east  Wisconsin. 

But  it  is  time  we  defined  more  particularly  the  drift  last 
named. 

The  Wisconsin  drift  as  shown  in  Sac  county  exhibits  two 
phases,  it  is  either  in  the  form  of  a  calcareous,  grayish-yellow, 
pebbly  clay,  rather  light  and  loose,  never  jointed  or  ferruginous; 
or  it  occurs  as  piles  of  fresh-looking  gravel  and  sand  often  where 
cut  through,  cross-bedded  and  water  laid. 

An  illustration  of  typical  Wisconsin  drift  may  be  seen  by 
anyone  entering  Lake  View  from  the  east  along  the  north  shore 
of  the  lake.  The  road  cutting  offers  a  fine  exposure,  ten  or  fif- 
teen feet  high.  This  section  may  be  compared  with  the  sec- 
tions in  the  cut  south  of  Wall  Lake  station  on  the  Illinois  Cen- 
tral railway,  by  anyone  desiring  to  note  the  difference  in  com- 
position and  color  between  the  newer  and  older,  the  Wisconsin 
and  the  Kansan  drift-sheets.  Wisconsin  gravels  may  be  seen 
in  the  gravel  pits  at  Lake  View  as  well  as  in  many  another  sec- 
tion among  the  sandy  hills  north  of  the  town,  as  in  section  17, 
Wall  Lake  township.     Where  the  Wisconsin  drift  is  level,  the 
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soil  is  exceedingly  black  and  rich,  fine-grained  and  inclined 
to  be  sticky,  *'does  not  sour*'  says  the  farmer.  There  are 
sections  of  such  soil  on  the  flat  prairie  immediately  west  of  Sac 
City. 

The  relations  of  this  Wisconsin  drift  to  the  older  Kansan  are 
well  shown  in  an  exposure  in  the  northern  part  of  Sac  City  or 
just  north  of  the  city  limits.  Here  on  the  west  side  of  the 
Chicago,  Milwaukee  and  Saint  Paul  railway  tracks  appears  the 
section  already  noticed.    The  section  is  as  follows  :- 

5.     Wisconsin  drift,  with  calcareous  pebbles,  bowlders,  etc., 

and  surface  soil : 3      feet 

4.     Loess,  more  or  less  leached,    whitish 2       feet 

3.  Ferretto,  a  ferrujjfinous  line 6  inches 

2      Kansan  drift,  yellow  till  20      feel 

I.     Blue  clay,  exposed  by  digging 

This  oxi)osure  njay  be  traced  with  more  or  less  clearness 
along  the  west  side  of  the  railway  tracks. 

The  exposure  in  the  cut  east  of  Carroll  may  now  be  compared. 
While  the  limits  of  the  Wisconsin  drift  as  overriding  the  older 
deposits  may  generally  be  fairly  well  determined  by  surface  fea- 
tures, sections  that  show  the  actual  situation  are  not  common. 
The  valley  of  the  Coon  river  at  Grant  City  to  which  we  have 
already  given  so  much  attention  affords  another  section  of  the 
same  sort,  although  not  quite  so  satisfactory  since  the  loess  is 
lacking.  The  exposure  affording  the  section  is  found  on  the 
south  side  of  the  Hicks  road  leading  west  from  the  main  road 
from  Auburn  to  Grant  City.     The  section  here  is  as  follows: 

4.  Wisconsin  drift k 15       fett 

3.     Gravel  and  sand   4  inches 

2      Kansan  drift 30      feet 

1.     Talus  covering,  unknown 10      feet 

The  town  of  Grant  City  rests  apparently  upon  a  bed  of  Kan- 
san. Just  above  the  mill  the  crest  of  the  hill  shows  some  very 
ferruginous  gravel.  Wells  in  the  town  are  said  to  be  twelve 
to  eighteen  feet  in  depth  and  to  furnish  abundant  water  from 
quicksand.  This  may  represent  the  Buchanan  stage.  The  soil 
in  town  is  more  loess-like  and  is  successfully  used  in  the  man- 
ufacture of  brick.  The  valley  of  the  Coon  here  is  very  new; 
the  channel  of  this  peculiar  bend  was  cut  since  Winconsin  times 
or  during  the  time  when  the  Wisconsin  ice  was  receding.     The 
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drainage  waters  moving  south  from  Sac  City  in  what  was  prob- 
ably the  old  channel  of  some  stream,  if  one  may  judge  by  its 
size  or  width,  were  headed  off  on  the  southeast  by  the  Alta- 
mont  or  terminal  morainic  hills  which  occur  about  Auburn. 
These  hills  are  not  high,  but  they  are  there,  and  were  sufficient 
at  the  outset  to  shunt  the  southward  flowing  waters  to  the  north- 
east, making  the  curious  and  otherwise  inexplicable  bend  around 
the  site  of  Grant  City.  The  narrowness  of  the  channel  here, 
not  this  alone  proclaims  its  newness ;  but  all  the  tributary  chan- 
nels here  as  well.  Look  at  the  deep  canyon-like  valleys  ap- 
proaching from  the  south,  their  precipitous  walls  still  uneroded. 
The  east  and  west  road  south  of  Grant  City  bridge  follows  a 
''hog-back",  in  places  just  broad  enough  for  the  highway.  It 
is  to  this  newness  that  we  owe  the  Mesozoic  exposures  already 
proved  so  curious  and  interesting.  In  an  older  valley  these 
soft  sandstones,  chalks  and  shales  had  long  since  disappeared 
by  the  sweep  of  perpetual,  long  continued  erosion.  A  fine 
morainic  ridge  extends  east  and  west  about  the  latitude  of  sec- 
tions 25  and  26  in  Sac  township.  Auburn  owes  its  compara- 
tively high  location,  locally  high,  to  the  moraine.  The  school- 
house  and  the  Roman  Catholic  church,  are  plainly  on  morainic 
swells,  and  behind  the  church,  northward  is  a  sand-pit  telling 
the  same  story.  These  are  morainic  knobs.  A  singular  marsh 
between  Auburn  and  the  river  is  another  peculiar  fact  evidenc- 
ing a  recent  disturbance  of  the  original  drainage  of  the  country. 
Here  are  ponds  of  water  within  a  short  distance  of  the  river 
and  some  of  its  tributary  streams  but  yet  undrained,  draining 
possibly  in  the  opposite  direction  to  meet  the  river  possibly 
farther  down.  There  is  a  very  pretty  little  mound  north  of  the 
highway  in  section  13  of  this  same  township.  In  fact  when 
we  come  to  look  at  the  matter,  all  the  geology  of  the  two  coun- 
ties is  centered  here,  or  at  least  may  be  studied  here  within 
the  area  of  a  few  square  miles. 

These  Auburn  hills  and  those  already  referred  to  along  Indian 
creek,  those  about  Wall  lake,  are  part  of  the  local  terminal 
moraine;  i.  e.  they  mark  in  a  general  way  the  westward  limit 
here  of  the  sheet  of  ice  that  some  thousand  of  years  ago  spread 
this  newer  drift.    Had  the  ice  pushed  farther  west,  these  hills 
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had  been  all  spread  and  flat  like,  the  marshy  prairies  farther 
east.  It  is  interesting  accordingly  to  know  their  limit. We  have 
seen  that  in  the  north  part  of  the  county  they  are  limited  by 
Indian  creek.  Indian  creek,  however,  north  of  Wall  lake,  turns 
east  among  the  hills  and  finds  its  way  into  the  Coon  river,  while 
the  hills  sweep  on  around  the  lake,  curve  around  towards  Car- 
narvon and  leave  the  county  somewhere  about  north  of  Breda. 
The  reader  may  consult  the  accompanying  map.  These  hills 
accordingly  form  part  of  a  belt  of  such  topographic  features 
extending  from  Minnesota  more  or  less  continuously  far  south 
and  southeast  and  we  have  but  a  section  of  this  belt.  It  appears 
too  that  the  Indian  creek  drains  the  outside,  or  western  edge, 
of  the  general  moraine,  while  Coon  river  follows  the  inside,  or 
the  eastern  edge. 

The  Wisconsin  Gravels. — It  remains  for  us  to  describe  still 
another  formation  in  this  connection.  At  the  time  of  the  melt- 
ing of  the  Wisconsin  ice  considerable  floods  of  water,  we  must 
believe,  especially  in  summer,  made  their  way  from  the  front 
of  the  receding  glacier.  Not  only  so  but  these  floods  carried 
with  them  enormous  quantities  of  gravel  and  sand,  with  finer 
silt  as  well,  of  course,  which  were  carried  and  spread  far  down 
the  principal  channels  of  escape.  Evidences  of  this  are  to  be 
seen  on  every  hand  when  one  approaches  a  glacial  border.  Sac 
county  is  by  no  means  without  its  typical  illustrations. 

In  the  first  place  the  Coon  river  itself,  acting  in  those  days 
as  a  drainage  channel,  was  filled  with  gravel,  wherever  an  old 
channel  existed,  from  side  to  side.  As  the  new  channel  at  Grant 
City  was  deepened  and  the  floods  at  length  subsided,  the  resi- 
dual stream  cut  out  the  present  channel  for  the  current  and  its 
narrow  flood  plain  and  left  the  accumulations  of  gravel  as  high 
terraces  all  the  way  along  its  course.  Sac  City  is  situated 
upon  one  of  these  terraces,  gravel  trains  they  are  called,  and 
another  may  be  seen  at  the  crossing  of  the  river  between  sections 
29  and  32  in  Coon  Valley  township,  and  indeed  all  the  way  along 
the  wider  part  of  this  valley. 

Again  part  of  the  Wisconsin  drainage  from  the  vicinity  of 
Early  seems  to  have  gone  out  by  way  of  the  upper  Boyer.  This 
was  apparently  choked  off  somewhere  about  Carnarvon,  for 
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it  became  filled  with  gravel  and  sand  from  Early  south  to  the 
great  marsh  already  described,  and  occupies  to-day  in  many 
places  a  channel  re-excavated  since  that  time.  About  Wall  lake 
the  escaping  drainage  was  also  slow,  the  current  was  not  strong 
enough  to  carry  it  away,  and  vast  bodies  of  gravel  were  depos- 
ited close  to  the  glacier's  front.  Lake  View  is  situated  on  this 
terrace  and  the  excavations  south  of  town  give  us  some  indica- 
tion of  the  depth  and  amount.  This  deposit  probably  continues 
away  to  the  bend  of  the  Boyer  already  referred  to. 

There  are  signs  too  that  the  glacial  drainage  at  first  entered 
the  upper  Boyer  from  the  country  east  and  south  of  Storm  Lake. 
In  sections  1,  2  and  11  of  Eden  township  is  a  widely  excavated 
valley,  probably  part  of  some  earlier  stream-bed  now  filled  with 
gravel,  but  occupied  by  a  small  creek  fed  by  little  springs  that 
seep  hero  and  there  from  the  banks.  The  present  rivnilet  can 
hardly  have  excavated  this  abrupt  valley,  nor  is  it  efficient  now 
to  do  more  than  form  a  small  winding  channel  in  the  wide  bot- 
tom. About  Early  are  considerable  and  not  infrequent  deposits 
of  gravel  that  represent  probably  an  over-wasli  from  the  drain- 
age of  the  Wisconsin  front.  Thus  the  school-house  rests  upon 
a  gravel  mound.  The  cemetery  east  of  town  occupies  such  a 
hillock.  Li  fact  the  town's  supply  of  water  is  reported  from 
gravel  at  a  depth  of  12  feet.  One-half  a  mile  east  of  town  is 
a  gravel  pit  with  the  following  section : 

4 .     Surface  soil 1  foot 

3 .  Yellowish  gravel 4  feet 

2.  Pale,  buflE-colored,  sandy  clay li  f  et 

1.  Gravel  with  ferretto  streaks,  of  depth  unknown;  exposed..  6  feet 

This  in  section  10  of  Boyer  Valley  township.  In  the  south- 
west quarter  of  the  same  section  is  another  gravel  pit  more  ex- 
tensive.   Here  we  have  the  following  section: 

4.  Surface  soil I  foot 

3.  Ferruginous  gravel  with  rotten  bowlders 6  feet 

2.  Fresh  looking  gravel,  mostly  sand,  no  iron 5  feet 

1.     Water-laid,  cross-bedded  sand  of  unknown  depth;  exposed  15  feet 

Farther  south  in  the  southwest  quarter  of  section  3  of  Clin- 
ton township  is  more  gravel  and  sand  and  so  in  different  places 
along  this  part  of  the  Boyer  valley. 
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It  is  difficult  to  account  for  these  exposures  or  deposits  on 
any  other  theory  than  that  possibly  at  one  time  or  some  time 
in  course  of  the  advance  or  recession  of  the  Wisconsin  ice  this 
part  of  the  present  Boyer  valley  served  as  a  drainage  channel 
from  its  front.  Perhaps  at  that  time  the  ice  had  not  covered 
the  region  of  Wall  lake  and  south,  and  the  drainage  was  chiefly 
this  way,  but  was  later  cut  off  to  the  east  and  south  as  already 
suggested,  and  the  Boyer  then  first  slackened  in  rapidity,  then 
became  entirely  choked,  making  a  lake  not  only  where  we  find 
Wall  lake  now,  but  far  to  the  west  until  at  length  an  exit  was 
found  to  the  southwest  by  the  way  of  the  Deloit  narrows. 

For  its  confimation  or  rejection  such  speculation  will  require 
more  exact  and  long  continued  study  than  has  been  possible 
in  the  present  survey. 

Alluvial  Deposits. 

Closely  related  to  the  deposition  of  gravels  just  described 
lies  the  latest  deposit  of  all  in  the  territory  we  discuss.  But 
whereas  the  gravel  was  laid  down  under  other  conditions  by 
floods  that  have  long  since  ceased  to  act,  the  alluvium  is  a  con- 
stant accumulation  due  to  erosive  forces  acting  since  the  ice 
retreated,  and  acting  all  the  time.  There  is  much  alluvial  soil 
in  the  valleys  of  the  older  streams.  The  wide  flats  of  the  Boyer 
valley  and  even  some  parts  not  so  wide  show  great  quantities 
of  alluvial  soil.  In  the  neighborhood  of  Herring  the  Boyer  winds 
about  in  a  bed  of  deep  black  soil,  does  not  often  reach  the  under- 
lying sands,  and  not  a  bowlder  is  to  be  seen  in  the  whole  flood 
plain.  Everything  is  covered  with  alluvium.  The  same  thing 
is  true  of  the  narrower  valley  of  Soldier  river,  of  the  valley  of 
Battle  creek  and  to  some  extent  also  of  the  Odebolt  and  Maple. 
The  accumulations  from  surrounding  slopes  and  hills,  held  by 
vegetation  through  thousands  of  years,  were  gradually  filling 
up  their  valleys  faster  than  stream  and  storm  water  could  carry 
the  soil  and  sand  away.  In  the  vicinity  of  Ida  Grove  these 
alluvial  deposits  are  as  much  as  fifteen  feet  thick,  and  are  prob- 
ably nearly  as  extensive  along  the  Boyer.  Since  the  occupation 
of  the  country  by  civilization  erosion  on  the  slopes  is  much  more 
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rapid  but  the  discharge  of  storm  water  unchecked  by  the  old- 
time  vegetation  of  grass  and  sedge  is  also  more  rapid  and  vio- 
lent, so  that  alluvium  is  not  only  not  accumulating,  probably, 
at  present,  but  is  diminished  year  by  year  by  the  floods  of 
spring. 

SoUs. 

The  soils  of  any  locality,  using  the  term  to  designate  the  loose 
surface  materials  appropriate  to  man's  use  in  the  cultivation 
of  the  earth,  vary  according  to  the  nature  of  their  origin.  Soils 
arising  from  the  decomposition  of  limestone  rock  will  have  one 
character;  those  from  sandstone  manifestly  another.  The  soils 
of  the  counties  we  are  studying  are  all  so  uniformly  good  that 
people  sometimes  think  them  all  alike  and  yet  they  differ  decid- 
edly. We  have  before  us  soils  of  at  least  three  distinct  types : 
we  have  the  soils  developed  upon  loess,  upon  drift  and  the  allu- 
vial soils  just  described. 

The  loess  soils  prevail,  as  has  been  seen,  over  by  far  the  lar- 
ger part  of  our  area.  These  soils  are  exceedingly  fine  in  com- 
position and  excellent  in  fertility.  There  are  probably  no  bet- 
ter soils  in  the  world  than  those  about  Odebolt.  Indeed,  the 
whole  of  Ida  and  western  Sac  may  be  cited  as  a  region  unex- 
celled in  natural  adaptation  to  ordinary  agriculture. 

Eastern  Sac,  as  has  been  shown,  has  a  different  history  and 
shows  a  different  though  likewise  excellent  soil.  Here  the  sub- 
soil is  always  drift,  either  the  Wisconsin  pebbly  clay  rich  in  lime, 
or  the  lighter,  more  sandy  body  of  the  moraine.  The  latter 
gives  the  lightly  tilled,  warmer,  quicker  garden  soil  just  east 
of  Indian  creek  or  south  of  Auburn :  the  former  finds  illustration 
in  the  black  prairies  just  west  of  Sac  City.  The  gravel  trains 
in  the  wider  parts  of  the  Coon  valley  also  afford  a  lighter,  some- 
what sandy  soil. 

About  Grant  City  the  hillsides  are  still  exceedingly  steep  for 
reasons  above  set  out.  These  steep  bluffs  were  covered  with 
forest  and  were  better  adapted  to  such  purposes.  They  are 
too  steep  to  cultivate,  and  even  as  pasture  fields  are  compar- 
atively worthless.  If  completely  denuded,  they  will  again  yield 
to  the  forces  of  erosion  not  only  to  their  own  undoing  but  to  the 
destruction  of  the  fertile  flood  plain  that  lies  below,  covering 
this  with  masses  of  sand  and  gravel  from  the  falling  slopes. 
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Similar  slopes  covered  with  native  wood  appear  at  Ida  Grove 
and  here  and  there  along  the  Maple  river.  Those  near  Ida 
Grove  contribute  much  to  the  beauty  of  the  locality  and  should 
for  public  reasons,  if  for  no  other,  be  kept  wooded  forever. 
Nature  has  herself  indicated  in  such  places  the  appropriate 
crop,  and  our  wisdom  shall  not  soon  transcend  hers.  These 
steep  hillsides  and  sharp  ravines,  very  few  indeed,  constitute 
practically  the  only  untillable  parts  of  these  favored  counties. 
The  few  marshes  in  eastern  Sac  can  be  drained  and  then  are 
tillable  as  any. 

ECONOMIC  PRODUCTS. 

From  an  economic  standpoint  the  soil  of  the  field  is  the  best 
thing  to  be  found  in  these  two  counties;  nevertheless  we  have 
already  encountered  several  sorts  of  material  which  may  be 
advantageously  used  in  manufacture.  Perhaps  the  first  of  these 
in  relative  importance  is 

Clay. 

Clays  suitable  for  making  brick  occur  in  many  places.  In- 
deed in  the  loess-covered  part  of  our  area  there  is  no  lack  of 
material  ready  to  hand.  The  loess  of  eastern  Iowa  is  every- 
where used  for  this  purpose  with  satisfactory  results.  The 
same  material  is  used  in  Lyon  and  Sioux  counties.  Neverthe- 
less the  manufacture  of  brick  at  Ida  Grove  seems  not  to  have 
been  a  success.  The  material  used  was  a  rather  sandy  loess 
found  a  short  distance  east  of  the  city.  The  reason  for  aban- 
doning the  enterprise  could  not  be  ascertained. 

At  Grant  City,  Mr.  George  Hicks  has  been  burning  brick  on 
a  limited  scale  for  many  years.  The  material  is  a  sandy,  light, 
silt-like  soil  found  at  the  surface.  The  brick  are  of  fair  quality 
and  have  been  used  in  construction  of  buildings  in  the  village, 
buildings  which  present  a  very  creditable  appearance  indeed. 
Last  year  (1904)  Mr.  Hicks  burned  about  50,000  brick.  So  far 
as  could  be  ascertained  this  is  the  only  brick-yard  in  Sac  county. 
Wood  is  the  fuel  used. 

The  clays  and  shales  which  have  been  described  as  Benton 
shales  on  the  pages  preceding,  are  now  being  made  the  subject 
of  experimentation.    A  very  considerable  body  of  this  shale 
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fean  be  easily  exposed  a  short  distance  southeast  of  Grant  City, 
and,  as  the  samples  shown  are  entirely  free  from  objectionable 
materials,  there  would  seem  to  be  no  reason  why  brick  and  tile 
of  the  hardest  and  finest  might  not  be  made  at  Grant  City.  Fort 
Dodge  coal  is  not  far  away  by  direct  railway  connection.  This 
same  material  was  successfully  used  five  or  six  years  since  at 
Hawarden,  making  an  excellent  brick  of  * 'yellow  red"  color. 

There  are  other  clays  in  the  neighborhood  of  Grant  City  that 
deserve  attention;  a  bed  above  the  sandstone  in  the  southwest 
quarter  of  section  12  should  be  made  the  subject  of  experiment. 
Any  of  these  exposures,  if  of  sufficient  extent,  should  be  better 
than  the  pebbly  clay  of  the  Wisconsin  drift,  because  ftee  from 
lime. 

Gravel. 

The  gravel  beds  of  Sac  county  are  of  great  extent  and  of  no 
small  economic  value.  At  Sac  City  a  bed  near  the  Chicago, 
Milwaukee  and  Saint  Paul  railway  station  is  used  in  the  manu- 
facture of  artificial  stone.  In  the  absence  of  bedded  rock  and 
of  clay  suitable  for  making  brick,  in  this  vicinity,  the  manu- 
facture seems  very  promising. 

The  gravel  beds  at  Lake  View  have  for  many  years  furnished 
ballast  for  the  Chicago  &  Northwestern  railway,  and  hundreds 
of  car-loads  have  been  hauled  away  for  such  in  all  directions. 
Gravel  for  such  purposes  may  be  found  all  along  the  course  of 
Coon  river. 

But  perhaps  the  most  important  local  value  of  these  vast 
gravel  deposits  and  banks  lies  in  the  in  reasing  employment  of 
•such  material  in  the  construction  of  streets,  highways  and 
walks.  The  people  of  Iowa  have  just  begun  to  build  good  roads, 
and  once  the  movement  becomes  general,  as  it  is  sure  to  do, 
these  piles  of  convenient  gravel  will  be  reckoned  not  the  least 
of  the  economic  resources  of  certain  fortunate  counties.  Hardly 
a  town  in  northwest  Iowa  but  has  somewhere  its  gravel  pit,  and 
even  the  country  roads  are  beginning  to  show  the  effect  of  sys- 
tematic gravel  treatment.  Lake  View,  a  small  town  of  six  hun- 
dred people,  has  cement  walks  almost  continuously  on  every 
street.    This  indicates  the  future  of  the  gravel  once  deemed 
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worthless.  Such  material  in  Ida  county  is  not  so  abundant, 
but  there  are  some  pits  already  in  use.  One  about  two  miles 
southwest  of  Ida  Grove  supplies  that  little  city  with  constructive 
materials.  Others  of  less  importance  are  used  by  the  farmers 
in  different  parts  of  the  county. 

Lime. 

The  Cretaceous  chalk  already  described  was  at  one  time  exten- 
sively mined  on  the  north  side  of  the  bluff  where  occurs  the 
present  exposure  and  burned  for  lime.  The  excavations  have 
long  since  been  filled,  and  overgrown  with  small  trees,  but  traces 
of  the  kiln  may  be  seen.  The  lime  was  used  by  the  pioneer  of 
this  section  in  liou  of  better,  but  was  unsatisfactory  because  of 
the  rapidity  with  which  it  set,  perhaps  because  of  its  purity, 
chalk  being  one  of  the  purest  forms  in  which  lime,  or  calcium 
carbonate,  occurs.  The  chalk  at  Grant  City  has  not  been  ana- 
lyzed, but  would  probably  compare  closely  with  that  of  Ply- 
mouth county,  analyzed  several  times,  and  showing  a  large  per 
cent  of  calcium  carbonate  and  very  little  magnesium.  Now  it 
seems  that  the  magnesian  limestone  makes  a  better  lime,  not 
a  whiter  lime  or  a  purer  lime  but  a  lime  more  easily  used.  Our 
chalk  beds  are  accordingly  not  of  service  in  the  manufacture 
of  lime.  Such  chalk,  however,  is  sometimes  used  as  an  essen- 
tial constituent  of  cement,  and  it  is  possible  that  the  deposit 
may  one  day  be  of  value  for  this  purpose;  but  this  cannot  be 
predicted  without  exact  analysis.. 

Building  Stone. 

Bedded  rock  suitable  for  constructive  work  does  not  occur 
in  either  county.  The  Grant  City  sandstone  is  too  soft  and 
friable  for  the  purpose.  Bowlders  are  practically  the  only 
building  rock  to  be  had.  In  eastern  Sac  these  were  once  com- 
mon, but  have  been  largely  picked  up,  although  a  great  many 
are  still  to  be  seen.  They  abound  about  Lake  View,  Wall  Lake, 
as  has  been  seen,  and  along  Indian  creek.  In  Ida  county  bowld- 
ers are  comparatively  scarce.  Even  a  stream  like  Soldier  river 
does  not  seem  to  uncover  many  so  deep  is  the  alluvium  of  the 
valleys. 
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Coal,  Oil,  Gas. 

So  far  as  can  be  ascertained  there  are  no  exposures  of  coal 
in  this  region.  The  nearest  approach  to  coal  that  has  been 
encountered  is  found  in  the  seam  of  carbonaceous  or  black  clay 
to  be  seen  along  the  Coon  river  near  the  water's  edge  at  Grant 
City.  Coal  has  been  reported  again  and  again  by  those  who 
have  sunk  shafts  for  the  purpose  of  investigation.  It  appears 
that  a  company  of  practical  miners  at  one  time  set  up  machinerj' 
and  sank  a  shaft  some  hundreds  of  feet  between  Auburn  and 
Grant  City  and  found  coal  in  veins  of  considerable  thickness, 
but  were  deterred  from  further  attempts  on  account  of  the  fact 
that  the  overlying  strata  gave  no  promise  of  sufficient  roof  to 
make  mining  practicable  or  possible.  The  late  Mr.  J.  P.  Carr 
of  Grant  City  reported  the  sinking  of  exploratory  shafts  in  the 
north  half  of  section  12.  Coal  was  first  encountered  at  a  depth 
of  150  feet  where  a  seven  inch  vein  was  pierced.  At  160  feet 
a  second  vein  was  reached  which  proved  to  be  twenty-three 
inches  in  thickness  *'very  good  coal".  Disagreement  among 
those  in  charge  of  the  investigation  led  to  the  abandonment  of 
the  enterprise  at  this  interesting  juncture. 

Similar  explorations  and  results  are  reported  from  the  neigh- 
borhood of  Sac  City.  It  appears  that  at  one  time  the  county 
supervisors  offered  a  considerable  prize  for  the  discovery  of 
coal  in  the  county,  '*$4000  for  a  four-foot  vein  of  coal"  it  is 
said;  but  the  reward  was  never  paid.  There  are  however  many 
men  who  are  convinced  that  coal  exists  beneath  a  considerable 
amount  of  overlying  drift. 

As  would  appear  from  facts  recorded,  the  rock  formations 
immediately  underlying  the  drift  in  Sac  county  are  of  Creta- 
ceous age.  Now  the  Cretaceous  rocks  do,  in  some  parts  of  the 
country  west  of  us,  carry  coal  and  good  coal  at  that.  But  the  Cre- 
taceous of  Iowa  so  far  has  yielded  no  good  coal.  In  Plymouth 
county,  almost  directly  west,  the  Cretaceous  coal  has  been  quitT- 
thoroughly  explored.  A  vein  of  coal  a  foot  and  a  half  thick 
may  be  seen  along  the  bluff  by  the  Sioux  river  in  section  32, 
township  91  N.,  range  48  W.  This  vein  is,  however,  of  poor 
qualitv,  a  liirnite  in  fact;  and  careful  investigation  demonstrated 
that  its  mining:  would  be  unprofitable.* 

*The  student  is  referred  to  Vol.  VIII  of  the  present  series  of  Reports,  p.  861. 
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It  is  of  coarse  possible  that  better  veins  may  be  reached  far- 
ther east  in  Cretaceous  strata,  but  the  probabilities  are  all  the 
other  way.  It  is  furthermore  possible  that  outlying  bodies  of 
coal  belonging  to  the  Fort  Dodge  coal  fields  may  be  found  far- 
ther west,  beneath  these  Cretaceous  rocks;  but  it  is  very  doubt- 
ful whether  the  Carboniferous  rocks  were  ever  laid  down  in 
northwestern  Iowa  at  all ;  and,  even  if  they  were,  it  is  yet  to  be 
shown  that  any  that  may  exist  below  the  Cretaceous  contain 
coal.  The  chances  that  such  is  the  case  are  believed  to  be  small. 
A  five-foot  vein  of  coal  was  reached  near  Le  Mars  at  a  depth 
of  381  feet  which  it  is  thought  may  be  Carboniferous.* 

As  for  oil  and  natural  gas,  the  state  of  the  case  is  much  the 
same.  All  that  is  known  on  the  subject  discourages  expectation 
of  profitable  ventures  in  the  oil  industry.  Every  deep  well  that 
is  sunk  is  a  test  along  these  lines.  There  are  in  northwest  Iowa 
hundreds  of  these  wells  and  not  one  so  far  has  revealed  the 
presence  of  bitumen  or  oil.  Of  course,  the  oil  promoter  has  not 
omitted  to  visit  various  places  in  Iowa  and  to  make  all  necessary 
finds,  at  Danbury,  Manilla,  Greenville  and  elsewhere ;  but  in  none 
of  these  cases  was  the  outcome  satisfactory  to  local  interest. 
Certain  gases  are  developed  wherever  organic  matter  under- 
goes decomposition.  Such  gases  sometimes  accumulate  in  pock- 
ets under  and  in  the  drift;  usually  in  limited  quantity.  But 
generally  speaking  the  conditions  for  the  accumulation  of  gas 
and  oil  are  lacking  in  this  part  of  Iowa.  The  whole  matter  of 
gas  production  in  Iowa  rocks  has  been  well  discussed  in  the 
administrative  report  in  Volume  eleven  of  the  present  series, 
and  need  not  be  further  elucidated  here. 

Water  Supply. 

The  streams  already  described  under  drainage  afford  in  these 
counties  a  constant  source  of  water  supply  to  the  valleys  through 
which  they  pass.  The  Maple  river.  Battle  creek.  Soldier  river, 
Coon  river,  the  Boyer  are  all  perennial  streams,  largely  fed  by 
springs,  but  acting  also  as  channels  for  the  discharge  of  vast 
floods  of  storm  water  on  occasion.  Cedar  creek  in  northeastern 
Sac  county  is  also  a  fine  stream  of  clear  water  the  year  round, 
so  reported. 

'Iowa  Geol.  Surv..  Vol.  VIII,  p.  364. 
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As  in  other  parts  of  the  prairie  country,  however,  the  chief 
dependence  for  water  is  upon  wells.  Every  little  city  almost 
has  water-works  supplied  from  a  town  well  which  is  more  fre- 
quently a  large  excavation  in  a  convenient  bed  of  gravel.  This 
13  the  case  at  Lake  View,  Wall  Lake,  Odebolt,  Ida  Grove,  and 
Early.  8ac  City  has  a  fine  supply  in  springs  already  described, 
while  Holstein  boasts  one  of  the  deepest  wells  in  the  country, 
2004  feet  deep.  Ordinary  wells  are  thirty  to  forty  feet  deep 
and  the  water  rises  to  within  seven  or  eight  feet  of  the  surface. 

On  the  farms  shallow  wells  are  still  in  common  use,  ranging 
in  depth  from  twelve  to  forty  feet.  In  fact  so  far,  the  water 
supply  has  been  abundant,  good  and  easily  accessible. 

Water  Power. 

The  Coon  river  and  Maple  are  both  sufficient  in  constant  flov 
to  be  serviceable  for  water  power.  Dams  have  been  erectel 
at  several  places  and  those  at  Ida  Grove  on  the  Maple  and  at 
Sac  City  on  the  Coon  are  still  serviceable.  At  Grant  City  the 
water  powci-  diJ  servii-e  for  a  h;ug  time  both  for  grinding  and 
sawing,  but  the  dam  has  been  carried  out  in  part  and  lies  a 
ruin,  while  steam  has  lately  been  set  to  run  the  mill.  The  dis- 
tance across  the  bend  of  the  river  is  so  short,  much  less  than  a 
mile,  that  a  tunnel  has  been  more  than  once  suggested  which 
would  probably  give  us  water  power  abundantly  sufficient  for 
electric  light,  and  all  i)urposes  of  manufacture. 
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FOBESIBY  NOTES  FOB  SAC  AND  IDA  COXJNTIES. 

To  one  less  familiar  with  the  flora  aud  natural  resources  of 
the  State  the  presence  of  natural  forest  in  the  counties  that  make 
up  the  northwest  prairie  is  a  matter  of  continued  surprise. 
There  are  to  be  found  residents  even,  who  will  gravely  assert 
that  when  the  pioneer  first  visited  many  o^*  thp  counties  of  the 
northwest  there  was  **not  a  tree  in  the  county  fit  for  a  fence- 
post."  The  pioneer  himself,  if  he  still  survive,  knows  better; 
he  was  more  observant.  He  will  tell  you  that  not  a  single  county 
in  the  whole  of  Iowa  was  ever  without  some  indications  of  native 
forest. 

It  is  surprising,  too,  the  variety  of  forest  trees  that  still  find 
foothold  even  in  counties  most  lacking  in  forest  conditions,  and 
accordingly  in  native  trees.  All  the  prominent  tree-groups  are 
represented  from  one  side  of  the  State  to  the  other,  and  from 
north  to  south.  Of  course,  this  does  not  mean  that  the  State 
was  forest-covered;  far  from  that;  it  means  simply  that  all  the 
more  common  trees  that  characterize  our  northern  woods  could 
be  found  in  all  parts  of  Iowa  if  one  took  trouble  to  explore.  The 
annual  prairie-fires,  where  these  had  sway,  usually  moving  from 
southwest  or  west,  were  hot  enough  to  keep  down  all  manner  of 
perennial  vegetation;  that  is,  to  keep  it  well  below  the  surface 
of  the  ground.  Only  those  plants  whose  persistent  i)arts  sur- 
vive the  winter  underground  could  stand  the  usual  i)rairie  fire. 
Trees  are  perennial  plants,  but  if  they  started  on  the  prairie 
they  were  burnt  off  at  the  end  of  the  first  season  and  if  a  shooi 
came  from  the  root,  it  suffered  the  same  fate  again,  and  so  on, 
year  after  year.  Some  trees  could  endure  in  these  circum- 
stances, but  comparatively  few.  The  bur  oak,  for  instance, 
held  on  in  this  way,  often  for  years  together,  producing  at  length 
a  peculiar  stump-like  growth  just  above  the  ground,  known  to 
the  pioneer  as  a  "bench-grub."  Soniotinios  two  or  three  favor- 
able years  following  in  sequence  a  shoot  would  manage  to  start 
towards  treehood  and  by  and  by  a  veritable  tree  or  cluster  of 
trees  made  up  the  forest  of  the  prairie,  the  open  grove  of  stunted 
or  dwarfed  bur  oaks. 
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It  chanced,  however,  over  all  the  wide  prairie  there  were 
found  here  and  there  localities  where  conditions  topographical 
checked  more  or  less  efficiently  the  sweep  of  the  annual  fires. 
There  were  localities  over  which  the  fire  seldom  or  never  passed. 
Tree  seeds  that  found  by  any  means  lodgement  in  such  places 
grew,  grew  as  thriftily  sometimes  as  anywhere,  rainfall  and 
other  climatic  conditions  being  the  same.  Such  localities  were 
lands  protected  by  lakes  or  ponds  or  bending  streams  or  sterile 
grassless  rocks  or  dunes  or  precipitous  banks  of  streams.  In 
all  such  places,  and  there  are  such  in  every  region  of  the  State, 
trees  and  shrubs  of  many  kinds  found  not  incongenial  home  and 
persist  today  in  spite  of  the  fact  that  the  soil-groed  of  men  is 
today  less  sparing  than  the  old-time  annual  fire. 

In  Ida  and  Sac  counties  were  several  of  tliesi*  sheltered  nooks 
still  marked  by  groves  of  native  trees.  Ida  Grove,  the  county 
town  of  the  first  named  county,  still  conveys  by  its  very  name 
a  memory  of  primitive  conditions.  A  steep  bluff,  facing  the 
southeast,  swept  by  the  encroaching  Maple  river  at  its  base, 
afforded  on  all  its  precipitous  sides,  and  in  all  its  tributary 
ravines  and  valleys  a  suitable  home  for  trees;  there  they  were 
and  there  they  are.  Other  similar  nooks  and  steep  hillsides 
along  the  Maple  further  north  in  the  same  county  offered  groves 
of  similar  character  which  in  turn  gave  shelter  to  the  homes  of 
the  earliest  pioneers,  and  some  old  trees  of  the  primeval  forest 
in  these  localities  are  reported  as  yet  standing. 

In  Sac  county,  the  Coon  valley,  cut  in  many  places  deep  down 
through  walls  of  drift,  and  seamed  by  sharp,  short,  gully-like 
valleys  loading  in  the  tributary  waters,  offered  all  along  its 
cour*^.  conditions  suitable  for  the  protection  and  establishment 
of  the  forest  and  there  are  evidences  still  that  a  real  forest  in 
such  places  was  not  lacking.  Stumps  of  large  trees  are  encoun- 
tered all  the  way  up  and  down  the  river  and  occasionally,  on 
the  land  of  some  pioneer  still  living,  some  of  the  ancient  treies 
may  still  be  seen,  the  seed-trees  of  the  present  forest  where  this 
is  allowed  to  grow. 

It  is  noteworthy  that  native  trees  seem  to  have  been  never 
abundant  about  Wall  lake.  There  is  a  small  grove  on  the  north 
side  of  the  lake  protected  by  the  contour  of  the  shore,  and  there 
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are  a  few  trees  on  to  the  east  where  many  have  been  planted; 
but  it  is  even  reported  that  Wall  lake  had  originally  no  trees  at 
all.  This  is,  however,  a  mistake;  there  were  a  few  oaks,  elms, 
and  representatives  of  other  species. 

The  following  list  includes  the  woody  plants  noticed  in  passing 
through  the  two  counties  described.  It  is  probably  not  com- 
plete; but  it  is  hoped  that  local  students  may  take  heed  and  be 
able  to  report  additional  species. 

Tilia  Americana  Linn.  Basswood.  Linden.  Linn.  The  lin- 
den grows  abundantly  in  our  wooded  districts,  and  at  the  ''set- 
tlement" of  the  country  showed  rather  fine  trees.  Basswood 
lumber  was  at  one  time  as  common  at  the  saw-mill  as  any 
other,  except  oak ;  but  it  is  now  seldom  seen.  The  wood  is  fine- 
grained, soft,  easily  worked  and  useful  for  a  great  variety  of 
purposes,  durable  enough  if  protected  from  the  weather,  but 
rotting  in  a  year  if  left  wet.  The  tree  has  an  unpleasant  way 
of  coming  up  from  the  root  which  offers  in  the  forest  often  three 
or  four  trunks  in  a  place  and  makes  the  species  less  desirable  for 
the  street.  Fine  rows  are,  however,  to  be  seen  in  many  cities. 
The  flowers  of  the  linden  afford  food  for  bees  and  are  the  source 
of  one  of  the  most  famous  varieties  of  honey. 

Xanthoxylum  Americanum  Miller.  Prickly  ash.  The  prickly 
ash  is  not  an  ash  at  all,  nor  at  all  thereto  related.  It  is  a  rue, 
a  family  of  plants  little  known  among  us.  The  hop-tree,  not 
the  hop,  nor  the  hop-hornbeam,  is  a  cousin.  Our  prickly  ash  is 
a  shrub,  common  along  creek  and  river-bottoms,  with  greenish 
flowers  that  come  before  the  leaves  and  give  rise  later  to  dull 
reddish  pods  with  one  or  two  black  seeds  in  each.  Not  with- 
out value,  perhaps,  as  an  ornamental  shrub. 

Acer  Saccharinum  Linn.  Acer  dasycarpum  of  authors.  This 
is  the  common  soft  or  white  maple  of  all  the  prairie  country. 
Probably  native  in  all  special  localities  above  described,  it  has 
been  universally  planted  and  is  still  offered  in  nurseries.  One 
of  our  most  useful  trees  on  account  of  its  rapid  growth,  hardi- 
ness, freedom  from  insects,  it  has  had  a  prominent  part  in  the 
.settlement  of  our  State.  The  wood  makes  excellent  fuel  but  is 
otherwise,  at  least  in  Iowa,  of  small  value.  The  limbs  are  long 
and  generally  flexible,  but  suffer  from  the  storms  of  summer 
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unless  the  trees  are  in  groves  suflScient  to  protect  and  shelter 
one  another.  The  practice  of  polling  or  topping  this  tree  where 
planted  for  ornamental  purposes,  although  now  well-nigh  uni- 
versal, cannot  be  too  strongly  condemned.  Such  treatment  sim- 
ply ruins  the  tree,  ruins  its  form  to  begin  with,  and  sooner  or 
later  invites  the  destruction  of  decay. 

Negundo  Neguudo  ( Linn. )  Sudw.  Acer  negundo  and  Negundo 
aceroides  of  authors.    Box  elder. 

The  box  elder,  like  the  maple,  was  a  favorite  with  the  early 
planters.  Like  the  maple  it  had  in  its  favor  hardiness,  rapid 
growth,  and  a  habit  that  affords  abundant  shade  and  shelter. 
Its  wood  also  makes  excellent  fuel.  As  a  lumber  tree  it  has  no 
value  and  in  these  later  years  it  has  been  infested  by  a  species 
of  the  Coreidae  Leptocoris  trivittatus,  the  box  elder  bug,  to  such 
an  extent  as  to  make  the  tree  itself  objectionable.  Other  and 
better  species  may  henceforth  well  take  the  place  of  the  maple, 
Cottonwood  and  box  elder,  in  the  farmer's  plantings. 

Vitis  Riparia  Michx.     Wild  Grape. 

The  wild  grape  is  common  everywhere  near  streams  and  since 
the  prairies  have  been  cultivated,  has  become  common  also  on 
farms,  in  planted  groves,  in  hedges  and  even  along  the  lines 
of  barbed-wire  fence,  converting  these  betimes  into  more  sightly 
green  hedges.  The  fruit,  late-ripening,  is  much  esteemed  for 
its  fine  flavor,  not  by  birds  and  boys  only,  or  such  wild  creatures, 
but  by  the  cook  as  well,  who  finds  no  jelly  quite  equal  in  subtle 
aroma  to  that  made  from  these  native  fruits  of  the  thicket. 

Ampelopsis  Quinquefolia  Michx.    Virginia  creeper. 

This  is  perhaps  the  most  common  woody  vine  in  the  State. 
It  springs  up  everywhere  along  fences  in  field  and  garden  and 
climbs  over  thicket  and  grove.  Trained  about  the  porch  it  is  a 
permanent  and  handsome  ornamental  vine,  attaching  itself  alike 
by  tendrils  and  by  verv  curious  little  clinging  disks,  by  which 
these  on  occasion  terminate,  so  that  the  Virginia  creeper. may 
cling  to  a  dead  stump,  a  wall,  an  unpainted  house  or  barn,  and 
well  deserves  the  name  ** American  ivy".  Care  must  be  taken 
to  distinguish  from  this  plant  the  so  called  ** poison  ivy"  which 
has  its  leave <i  in  threes;  the  Virginia  creeper  has  leaves  in  fives; 
hence  the  scientific  name;  quinquefolia  means  five  leaves. 
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Celastrus  Scandens  Linn.     Climbing  Bitter-sweet. 

The  bitter-sweet  is  a  common  vine  in  tliickets  along  the  Coon 
river.  It  is  singularly  destructive  of  smaller  trees,  practically 
choking  them  betimes,  by  the  twisting  of  its  coils  about  the 
stems.  It  springs  up  easily  from  bird-scattered  seeds  and  also 
rises  everywhere  from  far-spreading  orange-colored  subterra- 
nean stems  or  roots.  In  autumn  the  ripening  yellow  or  orange 
pods  break  open  to  display  to  birds,  and  other  keen-eyed  lovers 
of  the  beautiful,  the  scarlet  seeds  and  the  vine  becomes  orna- 
mental. 

Amorpha  Fruticosa  Linn.     Wild  Indigo  Bush. 

This  is  rather  a  pretty  shrub  about  six  to  ten  feet  high,  com- 
mon along  water-courses  in  the  wooded  districts.  The  flowers 
in  summer  are  rather  showy,  deep  indigo  blue  with  yellow  cen- 
ters. Their  color  and  abundance  make  the  bush  attractive  as  a 
possible  ornamental  plant — its  only  known  possible  economic 
value. 

Gleditschia  Triacanthos  Linn.     Honey  Locust. 

The  honey  locust  is  one  of  the  fine  trees  of  our  northern  for- 
est. It  grows  with  rapidity  in  good  soil,  preferably  sandy,  and 
makes  magnificent  wood  suitable  for  all  sorts  of  purposes,  posts, 
lumber,  fuel.  The  thorns  with  which  the  trunk  and  branches 
are  abundantly  armed  suggest  a  desert  origin,  and  are  the  great 
objection  to  tlie  cultivation  of  the  tree.  Nevertheless  the  honey 
locust  is  found  throughout  our  northern  woodland  and  is  not  in 
the  desert,  and  we  have  a  variety  without  thorns  but  otherwise 
indistinguishable.  The  thorny  variety  is  sometimes  kept  low 
by  trimming  and  makes  a  fair  hedge ;  the  thornless  trees  ought 
to  find  place  in  the  farmer's  wood-lot. 

The  black  locust,  Bohinia  pseudncacia,  occurs  here  and  there 
in  cultivation.  This  is  another  valuable  tree;  unfortunately 
often  affected  by  borers.  Recently  these  seem  less  injurious. 
If  we  can  get  rid  of  the  insects,  there  is  no  better  tree  for  gen- 
eral purposes;  spreads  by  the  roots  and  makes  a  forest  by  itself. 

The  coftee-bean  tree,  (iymnocladus  canadensis,  is  here  to  be 
expected,  but  was  not  observed  nor  reported. 

Rhus  Glahra  Linn.     Smooth  Sumac.     Sumac. 

The  sumac  is  an  exceedingly  common  shrub,  appearing  even 
on  dry  hillsides  apart  from  all  forest  growth  but  in  places  not 
swept  by  the  hotter  fires;  useful  only  as  an  ornamental  plant. 
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Its  leaves  in  autumn  have  their  own  peculiar  red  to  contribute 
to  the  general  autumn  splendor  and  the  fruit  its  deeper  crimson. 

The  staghorn  sumac,  or  velvet  sumac,  Rhus  typhina,  deserves 
introduction.  It  extends  west  along  the  north  to  Winnebago 
county  and  is  a  handsome  native  ornamental  tree. 

The  three-leaved  ivy,  or  poison  ivy,  an  unmitigated  nuisance, 
is  a  sumac  and  belongs  here.  It  no  doubt  occurs  in  this  district 
but  was  not  observed. 

Ribes  Missouriense  Mx.    Wild  Gooseberry. 

An  extremely  thorny  and  prickly  bush  is  this,  common  along 
western  streams  where  other  woody  species  occur;  the  fruit 
is  generally  unarmed  and  is  gathered  freely  by  women  and 
children.  What  the  plant  might  offer  in  cultivation  is  not 
known.  It  might  by  crossing  bring  greater  hardiness  to  our 
cultivated  sorts,  already  worn,  and  certainly  merits  cultivation 
and  experiment. 

Rihes  Floridum  L'Her.    Wild  Currant. 

The  wild  black  currant  is  a  thornless  handsome  shrub,  orna- 
mental and  innocuous.  The  flowers  in  May  hang  in  fine  large 
racemes,  abundant ;  the  later  fruit  is  smooth,  black  and  as  edible 
at  least  as  the  cultivated  black  currant,  though  smaller.  The 
species  certainly  deserves  protection  and  cultivation. 

Prunus  Americana  Marshall.    Wild  Plum. 

The  wild  plums  of  the  country  were  the  joy  and  consolation 
of  the  pioneer  and  his  family  in  all  this  western  land.  Here  was 
a  fruit,  offered  by  nature  herself,  ready  to  hand,  like  the  wild 
strawberry,  excellent  in  sweetness  and  flavor,  abundant  in  the 
orchardless,  gardenless  wild,  innocent  of  all  the  arts  of  the  gar- 
dener yet  surpassing  these.  In  fact  these  are  the  plums  of  the 
country  yet.  These  alone  possess  the  constitutional  vigor  to 
endure  our  western  climate.  The  wild  goose  plum  and  the 
Miner  plum  are  but  well  selected  varieties  of  our  native  stock. 
The  former  originated  from  P.  hortulana,  which  is  surely  very 
near  P.  americana  albeit  now  listed  as  a  distinct  species. 

The  present  species  has  fruit  somewhat  larger  than  that  of 
the  following,  ovoid  or  egg-shaped,  with  a  somewhat  thicker 
skin,  often  clear  yellow,  passing  through  orange  to  red. 

Occurs  along  the  Coon  river  about  Grant  City. 
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Prunus  Chicasa  Michx.    Wild  Plum. 

This  is  the  little  wild  plum  of  the  thickets.  The  trees  are 
somewhat  smaller  than  those  of  the  species  just  mentioned,  and 
the  fruit  globular,  red,  thin-skinned  and,  very  sweet  when  ripe. 

Both  species  grow  in  dense  climips  and  thickets  about  wet 
places  in  the  middle  or  at  the  border  of  the  woods  and  are  worth 
preserving  on  every  account.  Their  fruit,  of  course,  elicits  our 
approval,  but  they  are  not  less  attractive  when  in  bloom,  filling 
the  air  with  sweet  perfume,  and  all  summer  long  their  thorny 
intricate  branches  form  a  cheveux  de  frise,  a  wall  of  defense 
for  the  scores  of  warblers  and  beautiful  summer  birds. 

Prunus  Virginiayia  Linn.      Choke-cherry. 

With  fruit  black  and  shining  but  edible  to  birds  alone,  the 
choke-cherry  yet  has  a  place  in  all  our  northern  woods ;  evidence, 
if  such  were  needed,  that  all  fruits  were  not  made  for  man.  The 
tree  is  small,  of  erect  habit,  rather  ornamental,  but  spreading 
badly  from  the  roots,  and  thus  less  desirable  for  the  lawn.  Com- 
mon along  streams. 

Prunus  Serotina  Ehrhart.    Wild  Cherry. 

Here  is  one  of  our  most  hardy  and  excellent  trees.  The  trunk 
rises  straight  and  smooth  and  attains  considerable  size,  so  that 
in  the  days  not  long  gone  by  wild  cherry  lumber,  or  simply 
cherry,  was  prized  in  the  markets  of  the  world.  The  tree  springs 
readily  from  the  seed,  comes  up  everywhere  responsive  to  the 
sowing  of  birds  and  is  a  beautiful  ornamental  tree  wherever 
it  happens  to  stand. 

Pyrus  lowensis  Wood.  Pyrus  coronaria  of  authors.  Iowa 
(irab  apple. 

The  crab  apple,  common  by  all  our  western  streams  where  the 
forest  obtains  at  all,  is  deserving  of  more  attention  than  it  has 
hitherto  received.  Its  flowers  in  prolific  abundance  contribute 
no  small  share  to  the  glory  of  our  northern  spring;  its  low 
rounded  shape  makes  it  an  ornament  in  the  field  and  where  it 
stands  in  thickets  cattle  prefer  its  shelter.  It  forms  the  natural 
border  of  the  grove  and  wood  and  is  the  home  of  all  the  familiar 
birds  of  song.  There  seems  no  reason  why  the  crab  might  not 
be  allowed  to  grow  in  the  lowland  alluvial  pastures  or  by  the 
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country  highway.  In  the  latter  situation  it  certainly  contrib- 
utes to  the  appearance  of  the  landscape  and  screens  in  so  far 
the  poles  of  the  lawless  telephone  company. 

The  June-berry,  or  Shad-bush,  Amelanchier  canadensis,  ought 
to  be  found  on  steep  banks  along  the  Coon,  but  was  not  observed. 

Crataegus  Crus-galli  Linn.     Cock-spur  thorn. 

One  of  the  many  native  haws  or  thorn-apples.  The  particular 
species  is  noteworthy  by  reason  of  its  abundant  aborted 
branches  developed  as  sharp,  slender  thorns  often  three  or  four 
inches  in  length ;  hence  the  common  name.  The  fruit  is  globu- 
lar, dull  red,  rather  small.  Of  no  economic  value.  Noted  only 
in  the  Coon  valley. 

Crataegus  Punctata  Jacquin.  Crataegus  tomentosa  var. 
punctata  of  authors.     Red  haw. 

The  red  haw  is  everywhere  common  along  streams  where  for- 
est conditions  prevail  at  all,  and  persists  in  pasture-fields  along 
the  river-bottoms  despite  the  browsing  of  cattle.  The  fruit 
larger,  sometimes  an  inch  in  diameter,  varying  from  red  to  yel- 
low, pleasant  flavored.  Well  worthy  of  preservation,  alike  for 
its  rounded  form  and  dense  branching  and  foliage  and  for  its 
pleasant  fruit  in  autumn. 

The  species  of  Crataegus  are  at  present  in  a  condition  of 
great  confusion.  The  trees  here  mentioned  are  those  familiarly 
known  nnder  the  names  (jiioted.  The  revisers  may  give  us  half- 
a-dozen  species  owing  to  the  imj^ortance  they  attach  to  charac- 
ters which  are  extremely  variable,  to  say  the  least;  i)robably,  we 
shall  eventually  be  content  with  the  few  species  listed  by  the 
older  manuals. 

Fraxinus  Americana  Linn.     White  ash.     Ash. 

The  ash  commonly  planted  on  the  farms  of  western  Iowa  and 
a  most  valuable  tree  is  of  this  species.  A  related  form  Fraxinus 
lanceolata  Borch,  is  found  abundantly  native  along  the  Coon 
about  Grant  City.  The  ashes  are  all  good  forest  trees  and 
should  hereafter  form  an  important  element  in  every  farmer's 
grove.  They  grow  rapidly,  althoii<;rh  somewhat  slow  in  start- 
ing. With  white  pine,  oak,  walnut  and  ash  the  grove  on  the 
farm  will  never  lack  in  beauty  or  service  as  shelter  and  the 
marketable  or  economic  value  of  its  timber  product  will  grow 
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even  more  rapidly  than  the  aecumuhition  of  material,  since  such 
products  are,  and  for  years  will  be,  on  a  rising  market. 

Symphoricarpus  Occidentalis  Hooker.     Wolfberry. 

This  is  a  common  little  shrub  along  the  Coon,  above  Sac  City 
and  about  Grant  City;  doubtless  to  be  found  along  the  Maple 
river  as  well.  It  is  well  worthy  of  cultivation  for  its  showy 
axillary  clusters  of  flowers  in  summer  and  the  wliite  fruit  that 
hangs  in  fall,  often  long  after  the  leaves  have  fallen.  The  snow- 
berry  in  common  cultivation  is  a  near  relative. 

Sambucus  Canadensis  Linn.     Elderberry.     Elder. 

This  familiar  shrub  or  tree  is  said  to  be  native.  It  is  so  easy 
of  distribution,  onco  the  prairie  soils  are  broken  or  brought  to 
tillage,  that  it  is  impossible  today  to  ascertain  the  original  dis- 
tribution. Often  })1  anted  for  its  somewhat  attractive  fruit,  its 
seeds  are  carried  everywhere  by  birds  and  spring  up  in  every 
unoccupied  corner  of  garden,  farm  or  woodland. 

Vihurmim  Pruni folium  Linn.     Black  Haw. 

This  is  a  small  tree  fifteen  or  twenty  feot  high  growing  in 
thickets,  appreciated  for  its  sweet  blue-black  fruit  ripe  in  late 
summer.  Eeported  from  the  woods  about  Grant  City  by  Mr. 
Pelumlder. 

Ulmus  Americana  Linn.     White  Elm;  American  Ehn. 

The  American  elm  is  an  exceedingly  common  tree,  one  of  the 
hardiest  and  best;  dispersed  by  flying  seeds,  it  springs  up  in  all 
sorts  of  places,  although  preferring  as  a  habitat  the  rich  soils 
of  our  alluvial  plains.  Tt  is  one  of  our  most  useful  trees  for 
planting;  grows  well  when  transplanted,  has  a  fine  shai)e,  when 
well  selected,  and  makes  the  best  street  tree  in  the  world.  The 
wood  is  hard  and  tough,  useful  for  fuel  and  makes  a  valuable 
lumber. 

Ulmus  Fulva  Michx.     Slippery  Elm. 

The  slippery  elm  is  much  less  common  than  the  white  elm 
and  much  less  valuable.  Isolated  trees  occur  in  our  riparian 
woods  but  it  is  nowhere  abundant.  It  has  a  tough  reddish 
wood,  i)robably,  in  some  cases,  as  valuable  as  the  wood  of  the 
preceding;  species.  A  few  trees  were  noted  at  Ida  Grove  and  at 
Grant  Citv. 
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Celtis  Occidentalis  Linn.    Hackberry. 

Found  in  the  same  forest  with  the  elm,  the  hackberry,  by  care- 
less observers,  is  not  infrequently  mistaken  for  it.  It  is,  how- 
ever, an  entirely  different,  though  related  tree.  It  differs  in 
bark,  wood,  foliage  and  fruit.  Nevertheless  the  hackberry  is 
a  beautiful  and  useful  forest  tree.  It  is  an  elegant  ornamental 
tree,  though  for  the  street-side  not  so  good  as  the  elm.  The 
growth  is  at  first  slow,  but  later  the  wood  accumulates  rapidly 
and  makes  excellent  fuel. 

Juglans  Nigra  Linn.    Black  Walnut. 

It  is  always  a  pleasure  to  discover  this  excellent  species  in  far 
out-of-the-way  places.  A  tree  of  the  eastern  forest,  reaching 
noblest  proportions  in  southern  Ohio  and  the  valley  of  the 
Wabash,  it  yet  holds  its  own  to  the  very  western  limits  of  Iowa, 
and  is  known  in  the  river-valleys  farther  west.  Fine  trees  of 
this  species  once  stood  along  the  Coon  and  Maple  rivers,  and 
young  trees  twenty-five  to  thirty  years  old  are  to  be  seen  today, 
though,  in  general,  little  cared  for.  Fine  groves  of  walnut  have 
been  started  in  Battle  Creek  township  in  Ida  county.  The  tree 
when  cared  for  and  planted  in  groves  on  rich  or  alluvial  soil 
grows  with  great  rapidity  and  promises  much  for  the  tree-cul- 
ture of  the  near  future.  There  is  no  use  to  plant  the  tree  as 
a  highway  tree  or  in  rows  as  is  sometimes  done.  Especially  is 
it  idle  to  plant  it  alternately  with  cottonwood  or  Lombardy  pop- 
lar. These  trees  will  destroy  and  over-top  the  nobler  sort.  A 
successful  planting  of  this  species  must  imitate  as  far  as  possi- 
ble the  conditions  in  which  the  walnut  occurs  in  nature;  the 
seeds  must  be  allowed  to  germinate  where  the  trees  are  to  stand 
and  then  the  young  trees  must  be  somewhat  protected,  kept  free 
from  weeds  until  they  get  started.  If  planted  on  rich  soil  in 
a  thick  plantation,  to  be  thinned  as  required,  the  young  saplings 
will  prune  themselves,  grow  up  straight  and  tall,  and  make 
wood  as  fast  as  an  elm.  There  is  a  fine  grove  of  this  sort  about 
one  mile  southeast  of  the  town  of  Odebolt;  but  in  general  the 
walnut  trees,  so  far  planted  in  these  counties,  are  wrongly  placed 
and  offer  little  encouragement  to  their  owners. 

Carya  Alba  Nutt.    Hickory.     Shell-bark  Hickory. 

The  shell-bark  hickory  is  common  throughout  Iowa  but  by  no 
means  abundant.    It  grows  rapidly  from  the  seed  and  may  bo 
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associated  with  the  walnut  as  a  valuable  tree  for  the  plantation. 
The  wood,  for  certain  purposes  in  manufacture  and  on  the  farm 
is  reckoned  indispensable  and  for  fuel  is  unexcelled,  or  indeed 
excels  every  other.  The  nuts  also  have  a  marketable  value  and 
contribute  to  the  simple  pleasures  of  the  fireside  on  a  winter 
evening.  It  is  satisfactory  to  find  native  trees  of  this  species 
in  northwest  Iowa.  It  means  that  we  can  have  the  best  of  our 
American  forest  trees  in  our  prairie  counties. 

Corylus  Americana  Walt.    Hazel.    Hazel-nut. 

The  familiar  hazel  furnishes  everywhere  the  undergrowth  of 
the  forest,  the  border  of  the  thicket,  the  cover,  even  of  the  prairie 
hill-top.  Hazel  bushes  in  eastern  Iowa  were  the  fore-runners 
of  more  important  species.  Out  of  the  hazel  thicket  sprang  the 
quaking  asp,  the  oak,  the  hickory,  so  that  the  bush  has  its  rela- 
tions to  other  forest-flora.  It  springs  readily  from  nuts  drop- 
ped by  blue- jays  and  other  creatures  and  comes  up  commonly 
in  the  farmer's  grove  and  along  the  hedgerow.  The  nuts  have 
an  increasing  market  value. 

Ostrya  Virginica  Willd.       Ironwood.     Hop-Hornbeam. 

One  of  our  commonest  forest  trees  in  Iowa  and  one  less  fre- 
quently recognized  is  this.  Apparently,  many  people  do  not 
recognize  the  tree  at  all,  while  some  even  consider  it  a  species 
of  haw.  The  tree  is  bushy  when  standing  in  open  places,  round- 
lopped  and  covered  with  rather  abundant  foliage,  but  ]:ere  the 
resemblance  ceases.  Its  fruit  resembles  that  of  the  familiar 
hop ;  consists  in  fact  of  a  cluster  of  small  sacs  arranged  on  an 
axis.  Each  sac  contains  one  seed,  and,  strange  to  say,  the  sac 
itself  corresponds  to  the  cup  of  an  acorn,  so  that  the  ironwood 
is  thus  close  kin  to  the  oak  and  is  not  related  to  the  haw  at  all, 
which,  on  the  other  hand,  is  a  kind  of  apple. 

The  wood  of  the  hop-hornbeam  is  of  the  toughest,  the  hardest 
and  toughest  perhaps  to  be  found  in  our  northern  forest.  Its 
chief  value  is  in  the  manufacture  of  tool  handles,  and  for  other 
purposes  about  the  farm  and  shop  where  strong  hard  wood  is 
needed  in  small  pieces. 

Populus  Tremuloides  Michx.    Aspen.    Quaking  Asp. 

The  little  quaking  asp  occurs  along  all  streams  that  are  so 
fortunate  as  to  be  shaded  by  forest  at  all.     Of  small  economic 
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value,  it  yet  contributes  to  the  cheerfulness  and  beauty  of  the 
spring  and  should  be  preserved  if  for  ornament  only. 

Populus  Deltoidea  Marsh.  Populus  monilifera  of  the  authors. 
Cottonwood. 

This  is  essentially  a  prairie  tree  and  isolated  specimens  are 
to  be  seen  even  yet  in  the  middle  of  the  field  on  farms  once  the 
open  prairie.  The  eottonwood  is  a  water-loving  tree  and  in 
the  elder  days  grew  everywhere  by  sloughs  and  small  streams 
and  in  low,  imdrained  places,  sometimes  in  rows,  or  scattered 
clumps  but  never  in  a  grove  or  forest.  Cultivation  has  not 
changed  the  nsture  of  the  tree.  It  has  been  planted  in  hundreds 
of  places  for  grove  and  shelter,  but  only  where  the  trees  stretch 
out  in  lines  along  the  highways  do  they  show  their  natural 
vigor,  majesty  and  beauty.  When  planted  in  groves  or  thickets, 
the  trees  of  the  interior  presently  die  out  and  are  generally 
unsatisfactor}\ 

Trees  thirty  or  forty  years  old,  growing  by  the  highway  are 
now  valuable  as  lumber-trees,  and  have  been  in  mai^y  places  cut 
for  the  mill.  When  properly  sawed  and  dried  the  lumber  is 
said  to  be  excellent  for  framing  and  general  construction. 

The  CnroUna  poplar  offered  now  generally  by  peripatetic  tree- 
sellers,  is  doubtless  at  best  only  a  variety  of  the  eottonwood. 
The  tree  is  dioecious  in  flowering  and  it  is  said  by  some  that  the 
Carolina  poplar  is  simply  the  staminate  eottonwood. 

The  only  objection  to  the  eottonwood,  its  flying  cotton  when 
seeds  mature,  is  obviated  by  planting  staminate  trees. 

Of  the  trees  above  listed,  maple,  box-elder  and  eottonwood 
are  essentially  the  trees  of  Towa  groves  and  prairie  plantations; 
at  least,  such  has  been  the  situation.  The  time  has  come  when 
better  varic  ties  should  everywhere  be  sought  out  and  planted. 

Salix  sp.      Willow. 

Several  s))ecies  of  willow  are  native  to  the  prairies  of  north- 
western Iowa.  Two,  Salix  cordata  with  broad  leaves  a  little 
silvery  below,  and  prominent  stipules,  and  Salix  longifolia  with 
Ions:  narrow  leaves  are  common  by  all  streams.  Salix  amygda- 
loid^s  has  been  everywhere  commonly  planted  along  the  road- 
sides and  to  form  part  of  the  farmer's  windbreak,  but  of  late 
is  being  cut  away  as  inconvenient  and  expensive  in  the  amount 
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of  space  necessarily  occupied.  All  willows  are  useful  as  a  crop 
for  fuel  purposes  on  wet  and  undrained  areas;  as  tlie  country 
becomes  drier  they  yield  place  to  other  crops,  whether  of  trees 
or  other  plants. 

Quercus  Rubra  Linn.  Bed  Oak. 
.  The  red  oak  is  essentially  a  forest  tree,  does  not  push  out  as 
the  bur  oak  beyond  the  forest  area  but  grows  only  where  forest 
conditions  are,  by  the  presence  of  other  trees,  already  well  set 
up.  The  red  oak  is  a  beautiful  and  valuable  tree ;  as  a  lumber 
tree  only  less  valuable  than  the  white  oak  and  bur  oak,  but  much 
less  desirable  as  a  source  of  fuel. 

Quercus  Macrocarpa  Michx.     Bur  Oak. 

The  bur  oak  is  another  widely-distributed  and  excellent  tree, 
not  half  appreciated.  It  is  the  hardiest  species  we  have,  by  far; 
the  only  one,  in  fact,  that  held  its  own  through  the  milennia 
on  these  drift  plains  against  the  devastating  fires.  Bur  oaks 
may  be  found  in  nearly  every  county  of  Iowa;  often  reduced  by 
hardsliip  and  abuse,  the  stress  of  fortime  and  unequal  climate 
— reduced  to  mere  shrubs  in  size  and  habit — they  receive  the 
somewhat  opprobrious  title  of  scrub-oak  and  are  deemed  a  cum- 
brance  to  the  ground.  These  reduced  forms  on  our  western 
prairie  hills  are,  it  is  true,  of  little  value  either  present  or  pro- 
spective; but  the  bur  oak  under  other  conditions  is  a  fine  tree. 
If  care  be  taken  to  plant  acorns  from  the  better  style  of  tree, 
acorns  frona  such  trees  as  are  found  in  better  forest  regions, 
the  young  trees  resulting  will  grow  rapidly  and  furnish  in 
reasonable  time  a  valuable  product. 

Fine  young  bur  oaks  were  noted  in  all  the  wooded  parts  of 
both  counties  here  considered  and  there  are  many  quite  large 
trees  yet  to  be  seen  at  various  points  along  the  Coon. 

Smilax  Hispid  a  Muhl.     Greenbrier.     Cat-brier. 

This  plant  is  interesting  as  the  only  woody  endogen  known 
to  our  woodlands.  It  is  abundant  along  the  Coon  river  where 
its  long  green  stems  with  black  prickles,  climb  over  the  plum 
thickets  and  shine  in  singular  attractiveness  in  the  leafless 
season  of  the  vear. 
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Juniperus  Virginiana  Linn.     Red  Cedar.     Juniper. 

The  juniper  is  the  only  native  conifer  in  the  northwest  coun- 
ties, but  is  well  distributed  throughout.  Useful  as  an  orna- 
mental tree  and  wind-break,  it  has  been  very  commonly  picked 
up  by  farmers  and  others  and  transplanted  to  the  grove  and 
garden.  Nevertheless  the  supply  of  seedlings  still  appears,  no 
doubt  planted  by  the  migrating  birds.  Juniper  grows  rapidly 
in  good  soil  and  makes  excellent  post-timber.  A  cedar  post  is 
said  to  *Mast  forever",  but  the  statement  lacks  verification.  At 
any  rate  juniper  or  cedar  wood  is  the  most  durable  known. 
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INTRODUCTION. 

LOCAriON  AND  AREA. 

The  area  embraced  by  Jackson  county  was  a  part  of  the  terri- 
tory purchased  from  the  Indian  Chief  Black  Hawk  in  1832.  It 
was  originally  included  in  the  county  of  Dubuque  from  which  it 
was  separated  in  1837,  and  named  in  honor  of  Andrew  Jackson. 

It  lies  near  the  middle  line  of  the  state  from  north  to  south,  in 
the  eastern  tier  of  counties,  and  together  with  Clinton  county, 
forms  the  most  easterly  projecting  point  of  Iowa.  Dubuque 
county  bounds  it  on  the  north,  Jones  and  Dubuque  join  it  on  the 
west,  Clinton  lies  to  the  south,  and  its  eastern  border  is  formed 
by  the  channel  of  the  Mississippi  river. 

The  county  is  organized  into  18  civil  townships  which  are  in- 
cluded within  townships  84  to  87  north  of  the  base  line  and 
ranges  I  to  V  east  of  the  fifth  principal  meridian.  It  embraces 
an  area  of  638  square  miles. 

Jackson  county  is  a  region  of  bold  relief  wliere  wagon  roads 
wind  up  and  down  and  around  a  monotonous  succession  of  hills; 
where  steep  mural  precipices  border  insignificant  stroani.>;  and 
where  the  landscapes  have  a  charming  variety  of  picturesque 
ledges,  wooded  bluffs  and  fruitful  fields.  It  was  originally  a 
forest-covered  area  such  as  the  sturdy  pioneer  found  an  attract- 
ive place  in  which  to  build  his  home. 

EARLIER  GEOLOGICAL  WORK. 

In  a  report  published  in  1858  Professor  J.  D.  Whitney*  dis- 
cussed briefly  the  topograi)hy  and  geological  formations  pre- 
sented in  Jackson  county.  He  referred  to  deposits  of  iron 
ore  reported  to  have  been  found  in  this  region,  and  also  to  some 
diggings  that  had  been  made  for  lead  along  Morts  creek. 
Dr.  Charles  A.  White+  mentions  a  few  places  in  Jackson 
county,  in  describing  the  limits  of  the  Maquoketa  shale  in 
eastern  Iowa,  but  makes  no  further  reference  to  points  within 
the  area. 

In  a  monograph  on  the  Pleistocene  History  of  Northeastern 
Iowa.:|:W  J  McGee  describes  the  thickness  of    the    Maquoketa 

*GftoIoRry  of  Iowa,  Vol.  I.  part  l,j>p.  282-285,  420  and  446, 1868 
tWhite:  Qeologry  of  Iowa,  Vol.  i;  p.  80. 1870. 

tEleventh  Ann  Kept.,  U.  S.  Qeol  Surv  ,  pp  216.  326,  327,  426,  427.  436,  532,  533  and  553 
1890 
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shale,  the  topography,  some  gravel  benches,  loess  deposits,  and 
*well  sections  at  certain  points  in  the  area  under  consideration. 

A  paper  by  Professor  Herbert  Osborn*  on  **Some  Carboni- 
ferous Fossils  from  Jackson  county,  Iowa",  describes  an  out- 
lier of  Carboniferous  sandstone  near  Monmouth. 

In  his  monograph  on  the  Illinois  Glacial  Lobe**  Mr.  Frank 
Leverett  discusses  in  a  general  way  the  Pleistocene  deposits  of 
the  southern  portion  of  Jackson  and  the  northern  part  of  Clin- 
ton counties. 

In  the  Proceedings  of  the  Davenport  Academy  of  Sciences 
mention  is  made  of  a  number  of  Indian  mounds  that  have  been 
explored  in  Jackson  county,  and  a  description  of  the  contents  of 
these  mounds  is  given  in  some  detail.f  \{ 

Professor  W.  H.  Norton  describes  a  number  of  isolated  de- 
posits of  sandstone  and  shale  occurring  within  the  limits  ol: 
Jackson  county,  in  a  paper  on  Certain  Devonian  and  Carboni- 
ferous Outliers  in  Eastern  Iowa.§ 

A  few  years  ago  Mr.  Harvey  Keid  published  a  short  Outline 
Geological  History  of  Jackson  county,  as  a  basis  for  an  exhibi- 
tion of  maps  and  rock  specimens  before  the  Jackson  county 
Normal  Institute.:]:  Two  of  the  topographic  sheets  published 
by  the  United  States  Geological  Survey  cover  a  portion  ot  the 
area  under  consideration.  The  south  half  of  the  sheet  known 
as  the  Peosta  quadrangle  includes  the  greater  part  of  the  west 
half  of  the  county.  The  topography  of  a  small  area  in  the 
southeast  corner  is  represented  on  the  Savanna  sheet. 

PHYSIOGRAPHY. 

Topography. 

Over  the  greater  portion  of  Jackson  county  the  surface  is 
generally  quite  rugged  and  broken.  The  topography  for  the 
most  part  resembles  that  of  the  drii'tless  area,  although  it  seems 
probable  that  the  margin  of  the  Kansan  ice  sheet  overspread 
almost  the  entire  county.  A  narrow  strip  of  prairie  in  the 
southern  and  southeastern  portion,  and  another  small  area  of 

•Osborn:  Proo   Iowa  \c ad   Sci.,  Vol.  I,  part  2.  p.  115. 

•♦Monoirraph  XXXVUl  U.  S.  Geol.  Surv  .  pp.  144-147. 1890. 

tProc.  Davenport  Acad.  Nat.  Sci..  Vv*l.  11,  p.  173  and  Vol.  VI.  pp.  81-83. 

Norton:  Iowa  Ueol.  Surv.,  Vol.  III.  pn.  'i7-iya,  l»U5. 

tBeid:  Outline  Geolosrioai  History  ot  Jackson  County,  pp.  1-8. 1903. 
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level  land  near  the  nortliwest  corner,  are  tlie  principal  excep- 
tions to  tlie  trenched  and  furrowed  character  of  the  surface. 

In  the  north-central  portion  of  Butler  township  a  narrow 
lobe  of  lowan  ice  extended  southward  from  Dubuque  county, 
covering  an  area  about  eight  square  miles  in  extent.  Over  this 
region  the  surface  is  comparatively  level,  or  but  moderately 
gullied  by  the  streams.  Fresh  looking  bowlders  of  lowan  age 
are  conspicuous  in  sections  15  and  16  of  this  township.  Further 
south  and  west  the  loess  becomes  deeper  and  the  surface  be- 
comes more  and  more  profoundly  eroded  as  the  channel  of  the 
North  Fork  of  the  Maquoketa  river  is  approached. 

The  narrow  divide  that  separates  the  basin  of  the  North  Fork 
from  that  of  the  South  Fork  of  the  Maquoketa  river  extends 
from  near  the  hamlet  of  Iron  Hill  past  the  village  of  Emelinc, 
and  continues  towards  the  northwest  into  Jones  county.  This 
watershed  has  an  elevation  of  980  feet  above  the  sea.  It  rises 
nearly  300  feet  above  the  bottoms  of  the  basins  which  lie  about 
two  miles  distant  on  either  side. 

The  narrow  channels  of  these  rivers  are  bordered  by  almost 
no  alluvial  deposits.  They  are  often  bounded  on  the  south  by 
discontinuous  bluffs  of  Niagara  limestone  which  in  many  places 
rise  precipitously  to  a  height  of  from  seventy-five  to  140  feet. 
The  bluffs  in  the  north  banks  of  these  rivers  are  usually  more 
gently  sloping  and  are  more  generally  composed  of  superficial 
materials  than  those  on  the  south,  probably  because  of  the  more 
rapid  weathering  of  the  south  facing  slopes  than  of  those  in- 
clining towards  the  north. 

The  lateral  branches  that  owe  allegiance  to  these  rivers  in 
Brandon  township  are  short,  and  have  a  steep  gradient.  Their 
waters  have  in  many  places  carved  gorges  entirely  through  the 
Pleistocene  materials  and  cut  deeply  into  the  underlying  dolo- 
mite. Along  these  rock  bound  channels  the  waters  flow  swiftly 
in  a  series  of  shimmering  ripples  and  turbulent  cascades. 

The  northern  portion  of  Monmouth  township  is  also  much 
dissected  .  Even  the  smaller  streams  are  in  many  places 
bordered  by  low  ledges  of  weathered  dolomite.    These  channels 
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are  six  to  eight  rods  in  width,  and  appear  almost  choked  witli 
the  deposit  of  loess  clay  that  mantles  alike  the  smnmits,  slopes 
and  lowlands. 

Across  the  central  portion  of  this  township  a  level  plain,  one 
to  two  miles  in  width,  extends  from  the  town  of  Monmouth, 
towards  the  southeast,  past  the  villages  of  Baldwin  and  Nash- 
ville and  across  the  southern  portion  of  South  Fork  township. 
Near  the  town  of  Maquoketa  this  belt  of  prairie  takes  a  more 
southward  trend  and  expands  to  a  width  of  from  four  to  six 
miles.  It  is  bordered  both  on  the  north  and  the  south  by  hills 
which  rise  80  to  100  feet  above  tlie  level  land.  The  hills  contain 
drift  of  Kansan  age  and  are  usually  covered  with  a  blanket  oT 
loess  several  feet  in  thickness.  Occasional  low  ledges  of 
Niagara  limestone  appear  near  the  base  of  the  hills. 

A  short  distance  west  of  the  middle  of  section  21,  Monmouth 
township,  just  south  of  the  point  where  the  wagon  road  crosses 
the  track  of  the  Chicago  and  Northwestern  Railroad,  there  are 
a  number  of  bowlders  scattered  over  the  level  lowland.  These 
are  mostly  of  pink  or  gray  granites  which  show  but  little  signs 
of  decay.  Both  in  its  topography  and  in  the  character  and  dis- 
tribution of  the  bowlders  this  restricted  area  presents  the 
appearance  of  a  typical  lowan  drift  surface.  However,  there 
is  no  well  defined  lowan  drift  area  connecting  this  strip  with  the 
lobe  of  lowan  which  extends  into  the  southeastern  portion  of 
Jones  county.  It  seems  possible  that  these  bowlders  might 
have  been  carried  by  ice  floes  from  the  margin  of  the  lowan 
glacier,  when  it  stood  a  few  miles  to  the  northwest,  and  that 
they  became  stranded  at  this  point  where  the  valley  becomes 
very  much  more  expanded. 

That  this  strip  of  prairie  represents  the  channel  of  some 
preglacial  stream  is  shown  in  the  fact  that  near  the  town  of 
Nashville,  a  short  distance  west  of  the  middle  of  the  north  side 
of  section  25,  Monmouth  township,  a  well  boring  passed  through 
225  feet  of  Pleistocene  materials  without  encountering  in- 
durated rock.  Low  benches  of  Niagara  limestone  outcrop  in 
the  foothills  both  to  the  north  and  south  of  this  point.  One- 
fourth  of  a  mile  west  of  this  well  the  rock  outcrops  near  the 
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top  of  a  hill  seventy-five  feet  above  the  altitude  of  the  curb. 
Other  wells  over  this  lowland  penetrate  the  surficial  materials 
to  water-bearing  layers  without  reaching  indurated  beds. 

In  the  southern  portion  of  Monmouth  township,  below  Mill 
Rock,  is  an  area  over  which  the  surface  is  exceedingly  rugged. 
Monuments  of  massive  dolomite  stand  in  ragged  towers  and 
jagged  peaks  bordering  the  water  courses,  while  at  several 
points  along  the  channel  of  Bear  creek,  in  sections  32  and  33, 
vertical  escarpments  rise  sheer  100  to  130  feet  above  the  water. 

Over  the  north  half  of  South  Fork  township,  and  the  whole 
of  the  townships  of  Farmers  Creek  and  Otter  Creek,  the  topo- 
graphy is  very  broken,  a  change  in  altitude  of  300  to  400  feet 
is  often  encountered  within  a  distance  of  three  to  four  miles. 
The  surface  is  carved  into  an  exceedingly  irregular  series  of 
hills  and  ravines.  Along  the  larger  streams  cliflf-f  orming  ledges 
of  the  resistant  Niagara  limestone  stand  in  steep  ramparts  and 
rugged  columns.  This  rock  represents  the  upper  portion  of  the 
Pentamerus  ohlongus  horizon,  and  the  Cerionites  and  crinoid- 
bearing  zone  immediately  overlying  that  of  Pentamerus.  Some 
distance  back  from  the  bluffs  the  rocks  are  buried  beneath  a 
covering  of  loess.  Even  here,  however,  the  ravines  are  numer- 
ous, the  slopes  are  steep,  and  the  summits  of  the  hills  often  rise 
100  feet  above  the  minor  valleys. 

Near  the  middle  of  the  north  half  of  section  6,  South  Fork 
township,  is  an  area  known  locally  as  *Hhe  caves".  These 
consist  of  a  series  of  natural  bridges  that  have  been  developed 
by  the  waters  of  a  small  creek  eroding  a  subterranean  passage, 
and  the  subsequent  partial  caving  in  of  the  roof  of  the  cavern. 

The  upper  or  most  northerly  bridge  has  a  length  of  150  feet 
across  the  gorge  and  a  width  of  about  sixty  feet.  The  stream 
flows  in  a  channel  about  ninety  feet  below  the  top  of  the  bluffs. 
It  has  carved  a  passage  fifty  feet  in  height  beneath  the.  span 
of  the  bridge.  About  eight  rods  further  down  the  stream  a 
second  arch  crosses  the  ravine.  This  latter  is  several  rods  in 
width,  but  is  so  choked  with  silt  and  drift  wood  that  the  passage 
can  only  be  followed  with  difficulty. 

A  few  rods  further  down  the  creek  there  is  a  sink  hole  sixty 
feet  in  depth,  having  a  diameter  at  the  top  of  seventy-five  feet. 


672 


GEOLOGY    OF  JACKSON  COUNTY. 


Climbing  down  to  the  bottom  of  this  shaft  the  explorer  can 
readily  follow  an  underground  passage  three  hundred  feet  in 
length,  forty  to  seventy  feet  in  width  and  eight  to  twenty-five 
feet  in  height.  At  various  points  along  this  main  passage  there 
are  to  be  seen  entrances  to  smaller  galleries  which  wind  in  and 
out  along  the  sides  and  roof  of  the  cavern.  A  beautiful  spring, 
furnishing  a  stream  of  water  four  feet  in  width,  issues  from  one 


Fiff.  64- Natural  bridsre  formed  by  the  erosion  of  an  underground  stream  and  the 
partial  cavins:  in  of  the  roof.    Section  6  of  South  Fork  township. 

of  these  lateral  canals.  At  the  lower  end  of  the  passage  the 
stream  emerges  in  a  gorge  whose  bounding  cliffs  rise  125  feet  on 
either  side.  This  locality  is  a  justly  popular  resort  for  drives 
and  picnics  for  the  people  in  all  of  the  southwestern  portion  of 
the  county. 

In  the  southern  part  of  Richland  township,  near  the  village 
of  Cotton ville,  another  series  of  caverns  or  underground  pass- 
ages have  been  developed. 
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Such  channels  are  usually  formed  where  streams  having  a 
steep  gradient  cut  deeply  into  thick  bedded  limestones.  Pro- 
fessor Shaler*  has  shown  that  their  genesis  also  requires  forest 
conditions.  As  the  rain  water  filters  through  the  leaf  mould 
over  woodland  areas,  it  becomes  charged  with  carbonic  acid 
gas  from,  plant  decay.  As  this  carbonated  water  slowly  per- 
colates along  the  crevices  and  joint  planes  of  limestone  strata, 
it  gradually  widens  the  fissures  by  taking  into  solution  some 
of  the  material  along  the  way.  The  amount  of  limestone  thus  dis- 
solved by  the  water  is  always  in  direct  proportion  to  the  amount 
of  carbonic  acid  gas  that  the  water  contains.  As  the  passages 
become  enlarged  a  larger  volume  of  water  follows  them,  and, 
in  turn,  the  larger  stream  of  water  more  rapidly  increases  the 
size  of  the  channels  by  abrasion  as  well  as  by  solution. 

In  the  course  of  time  the  streams  of  such  a  region  desert  the 
surface,  and  find  an  outlet  to  their  major  streams  through  sub- 
terranean channels.  If  not  too  deep  beneath  the  surface,  the 
roof  of  these  passages  will  eventually  be  broken  through  at  some 
points  giving  rise  to  natural  bridges.  Gradually'  the  under- 
ground channel  may  be  converted  into  a  gorge  by  the  falling 
down  of  the  roof  along  its  entire  course. 

In  section  6  of  Prairie  Spring  township,  the  highest  points 
have  an  elevation  of  1190  feet  above  the  sea,  while  at  the  middle 
of  this  township  in  the  valley  of  Morts  creek  the  altitude  is  only 
740  feet.  The  uplands  in  the  northern  portion  of  Otter  Creek 
township  rise  more  than  250  feet  above  the  beds  of  the  streams. 
The  divide  between  the  Lytle  creek  basin  on  the  west  and  that 
of  Farmers  creek  on  the  east  stands  1060  feet  above  the  sea, 
while  in  Farmers  Creek  township  the  waters  of  these  streams 
flow  below  the  level  of  700  feet. 

A  short  distance  back  from  the  larger  streams,  and  along  the 
smaller  tributaries  in  these  townships,  the  bluflfs  and  hills  are 
composed  of  surficial  materials.  Deposits  of  loess  are  deep, 
and  a  considerable  thickness  of  drift  may  in  many  places  be 
seen  along  the  water  courses  and  on  the  flanks  of  the  hills. 

Over  much  of  Maquoketa,  Perry  and  Bichland  townships  the 
same  rugged  type  of  topography  prevails.     At  some  points,  as 

*8haler:  Aspects  of  the  Earth,  p.  100. 
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along  Brush  creek  in  section  14  of  Perry  township,  the  waters 
of  the  streams  wash  the  base  of  precipitous  cliflfs  in  which 
ledges  of  massive  dolomite  rise  to  a  height  of  from  ninety  to 
125  feet.  In  other  places  the  banks  are  lower,  and  are  crowned 
with  weathered  columns  below  and  around  which  are  strewn 
large,  obdurate,  fragmented  masses  of  the  slow  disintegrating 
beds.     From  the  top  of  the  steeper  bluffs  the  surface  ascends 
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Fifi:.  65- View  showins:  the  manner  in  which  the  endurins:  bluffs  of  Niagara  lime- 
stone slowly  disintesrate  and  fall  away. 

in  a  succession  of  loess  covered  hills  to  an  altitude  200  feet 
higher  still.  Notwithstanding  the  fact  that  the  entire  region  is 
trenched  and  gullied  by  the  streams,  the  loess  mantled  crests 
and  slopes  produce  excellent  crops  of  grass  and  grain  in 
seasons  of  abundant  rainfall. 

In  the  extreme  western  and  southern  portions  of  Prairie 
Spring  township  the  topography  is  such  as  is  developed  further 
south  and  west,  as  the  result  of  water  sculpture  over  regions 
whose  surficial  materials  are  underlain  with  beds  of  Niagara 
dolomite.     Tn   sections  4,  9  and  16  of  this  township  springs 


Wherever  the  spelliiiK  ''Morts"  creek  or  "Tete  des  Moi-ts" 
township  occurs  either  in  the  text  of  the  report  or  on  the  geo- 
logical  maps  of  Jackson  county,  the  spelling  of  *'  Tete  de  Mort " 
should  be  substituted.  See  Second  Report  of  U.  S.  Board  on 
Geographic  Names. 
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At  ttie  village  oi  ot.  xrunatuo,  in  xcto  V.VO  x,^x.^-w  •s^wnship, 
the  valley  has  expanded  to  a  width  of  from  one  to  one  and  one- 
lialf  mile.  On  either  side  of  the  stream  disconnected  escarp- 
ments of  Niagara  lime  stone,  forty  to  sixty  feet  in  height,  crown 
the  cliffs  which  stand  two  hundred  feet  above  the  water.  From 
the  tops  of  the  immediate  blutTs  the  sk)pL's  rise  quite  rapidly 


J  igr.  CC-  Hill  of  circumdenudation  in  Tete  des  Morts  township.    Tiie  hill  is  pro- 
tected by  a  cap  of  resistant  Niagara. 

250  feet  higher,  to  the  level  of  the  ridges  over  the  uplands. 
From  the  foot  of  the  Niagara  scarp  the  surface  slopes  gently 
down  to  the  base  of  the  Maquoketa  shale  for  a  distance  of  one- 
half  mile  on  either  side  and  to  a  vertical  height  of  more  than 
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100  feet.  Over  these  gentle  Maquoketa  slopes  large  talus 
blocks  of  Niagara  lie  tilted  at  all  angles,  and  each  succeeding 
year  they  creep  a  little  further  downward  towards  the  lowland 
plain. 

At  this  place  the  flood  plain  of  the  creek  is  about  forty  rods 
in  width.  It  is  bordered  on  either  side  by  a  low  bench  or  ter- 
race of  Galena  limestone,  twenty  to  twenty-five  feet  in  height, 
which  rises  to  the  foot  of  the  shales. 

On  the  south  side  of  the  stream  a  large  English  Lutheran 
church  overlooks  the  valley  from  a  position  near  the  top  of 
the  Maquoketa  slope.  At  a  corresponding  position  on  the 
opposite  bluff  is  a  large  Catholic  church  from  which  the 
worshippers  have  the  inspiration  of  a  like  beautiful  view  over 
this  charming  valley.  One  hundred  feet  still  above  the  site  of 
the  Catholic  church  a  modest  chapel  lifts  the  cross  towards 
heaven  from  the  very  summit  of  the  bleak  Niagara  crest. 

Continuing  down  the  channel  of  Morts  creek  the  character 
of  the  valley  gradually  changes  until,  in  section  4  of  Tete  des 
Morts  township,  the  bordering  banks  have  lost  the  long  gentle 
slopes,  and  the  stream  flows  in  a  gorge-like  channel,  fifty  to 
seventy  feet  in  depth,  whose  walls  are  formed  by  the  enduring 
kdges  of  Galena  limestone.  Weather-sculptured  columns 
crown  the  bluff  overlooking  the  valley  in  the  northeast  quarter 
of  section  4  (see  figure  68).  Casts  of  the  fossil  Receptaculites 
oweni  occur  in  abundance  about  twenty  feet  below  the  top  of 
these  resistant  towers.  Further  down  the  channel  the  bounding 
walls  of  Galena  rise  constantly  higher.  Where  this  creek  joins 
the  Mississippi  river,  in  section  3,  the  cliff  on  the  north  side  of 
the  gorge  rises  one  hundred  feet  above  the  water. 

Along  the  Iowa  shore  of  the  Mississippi  river,  south  of  the 
mouth  of  Morts  creek,  steep  bluffs  of  Galena  border  the  channel 
for  several  miles.  The  dip  of  the  Galena  strata  towards  the 
south  and  west  brings  the  top  of  these  beds  constantly  lower  in 
the  river  bluff.  At  Gordons  Ferry  station  the  Galena  cliff 
stands  eighty  feet  above  the  water  of  the  Mississippi  river. 
Along  the  border  of  sections  11  and  13  these  ledges  rise  only 
forty  to  fifty  feet.     Near  the  middle  of  the  east  side  of  section 
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24,  the  Galena  is  encountered  in  the  north  bank  of  a  small 
stream  to  a  height  of  sixteen  feet.  It  again  appears  in  the 
southeast  quarter  of  section  36;  and  it  is  exposed  at  low  water 
in  the  bed  of  Mill  creek  where  that  stream  joins  the  river  in  the 
town  of  Bellevue. 

Over  all  of  the  southeast  portion  of  Tete  des  Morts  township, 
water  sculpture  is  conspicuous,  but  the  precipitous  character  of 
the  topography  which  prevails  over  the  Galena  and  the 
Niagara  areas  is  wanting.  The  surface  rises  and  descends  in 
gentle  undulations  such  as  are  developed  where  stream  erosion 
acts  on  the  slightly  indurated  beds  of  the  Upper  Maquoketa 
shale.  On  the  western  horizon  the  interrupted  Niagara  scarp 
crowns  the  summits  of  the  hills  and  forms  the  skyline  some  two 
to  four  miles  back  from  the  Mississippi  river. 

Along  the  middle  portion  of  the  east  side  of  Bellevue  town- 
ship a  thickness  of  thirty  to  fifty  feet  of  Niagara  limestone 
caps  the  bluffs  and  protects  the  underlying  Maquoketa  beds 
so  as  to  form  groat  cliffs  150  feet  in  height.  Such  a  scarp  over- 
looks the  northwest  corner  of  Bellevue,  and  another  such  ram- 
part borders  the  channel  of  the  Mississippi  river  for  a  distance 
of  nearly  one  mile  south  of  the  limits  of  the  town.  In  the  south 
bluff,  at  the  mouth  of  Mill  creek,  a  complete  section  of  the 
Maquoketa  shale  is  exposed  showing  a  thickness  of  more  than 
125  feet.  Continuing  down  the  river  from  this  point  the  south- 
ward dip  of  the  strata  is  more  rapid  than  the  fall  of  the  river. 
The  height  to  which  the  Maquoketa  shale  appears  in  the  bluffs 
gradually  decreases;  the  cap  of  the  Niagara  constantly  in- 
creases in  thickness;  and  the  flood  plain  on  the  Iowa  side  of 
the  river  gradually  expands.  At  Green  Island  the  scarp  stands 
more  than  two  miles  back  from  the  immediate  bed  of  the  river. 
At  this  place  the  Maquoketa  rises  in  the  bluffs  to  a  height  of 
only  about  thirty  feet  above  the  river  swamp,  and  it  is  succeeded 
by  sixty  to  seventy  feet  of  Niagara  limestone.. 

About  two  miles  east  of  Green  Island,  in  section  29  of  the 
civil  township  of  Washington,  the  top  of  the  Maquoketa  ap- 
pears about  fifteen  feet  above  the  flood  plain;  while  near  Lains- 
ville,  four  miles  further  eastward,  the  Niagara  limestone  may 
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be  seen  down  to  the  very  base  of  the  bluffs.  Three  miles  still 
further  down  the  river,  an  arch  in  the  strata  crosses  sections 
12  and  13  of  Union  township.  In  the  anticline  of  this  fold 
the  Maquoketa  shale  is  again  brought  many  feet  above  the 
river's  plain.  In  the  northeast  quarter  of  section  24  the 
Maquoketa  appears  in  the  bluff  to  a  height  of  more  than  sixty- 
five  feet.  From  this  point  the  strata  again  dip  quite  rapidly 
to  the  southward,  so  that  in  the  extreme  southeast  comer  of 
Jackson  county  the  top  of  the  shale  horizon  is  but  a  few  feet 
above  the  foot  of  the  bluff. 

East  of  the  town  of  La  Motte,  in  Richland  township,  the 
headwaters  of  Mill  creek  have  cut  into  beds  that  occupy  a  posi- 
tion near  the  base  of  the  Hopkinton  stage.  Low,  weathered 
ledges  outcrop  along  the  crest  of  the  hills  or  appear  as  dis- 
continuous ramparts  bounding  the  channels  of  the  streams. 
Near  the  line  between  section  1  of  Richland  and  section  6  of 
Bellevue  townships  the  numerous  springs  that  issue  near  the 
level  of  the  streams  indicate  a  zone  at  the  top  of  the  Maquoketa 
shale.  These  springs  are  conspicuous  on  account  of  their 
abundance  and  because  of  the  volume  of  water  that  they  supply. 
Continuing  down  the  channel  of  Mill  creek  the  valley  grows 
broader,  the  gentle  Maquoketa  slopes  fringe  the  foothills  with 
an  ever  wider  border  and  to  a  constantly  increasing  height,  and 
the  Niagara  crowned  bluffs  rise  ever  higher  on  either  side. 

Near  the  old  village  of  Paradise  the  Niagara  summits  are 
separated  more  than  a  mile  apart  across  the  channel.  This 
town  was  located  by  the  pioneers  in  a  sheltered  valley  of  rich, 
alluvial  land,  which  was  abundantly  watered  by  pure,  perennial 
springs,  and  heavily  wooded  over  both  slopes  and  lowland.  It 
was  within  a  few  miles  of  a  settlement  on  the  Father  of  Waters, 
the  great  line  of  travel  and  traflSc  in  those  early  days.  It  is 
small  wonder  that  the  locality  appealed  strongly  to  the  early 
settlers  of  the  county.  It  is  small  wonder  too,  that  they  should 
name  their  settlement  Paradise.  Unhappily  the  hamlet  is  now 
almost  deserted.  Like  the  story  of  another  Paradise  its  people 
have  been  led  far  away  from  the  quiet  and  seclusion  of  this 
favored  valley  in  their  efforts  to  secure  the  fruits  of  knowledge 
and  obtain  larger  rewards  for  their  toil. 
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Towards  Bellevne  the  valley  becomes  wider  and  the  Niagara 
scarp  is  raised  higher  above  the  water,  by  the  deeper  cutting 
of  the  stream  into  the  deposits  of  the  Maqnoketa  stage.  The 
waters  of  Little  Mill  creek,  Duck  creek  and  Pleasant  creek  have 
cut  deeply  into  the  Maqnoketa  shale  and  have  developed  topo- 
graphic forms  similar  to  those  encountered  along  Mill  creek. 
The  uplands  separating  the  basins  of  these  streams  rise  200  to 
300  feet  above  their  flood  plains.  They  are  trenched  by  the 
pinnately  or  bipinnately  spreading  branches  of  the  major 
streams.  The  ridges  are  generally  quite  deeply  loess  covered, 
and  it  is  but  rarely  that  indurated  rocks  are  exposed  along  the 
slopes  bordering  the  secondary  branches. 

Below  the  junction  of  the  North  and  South  Forks  of  the 
Maquoketa  river,  in  Maquoketa  and  Fairfield  townships,  the 
river  flows  in  a  comparatively  narrow  valley  which  is  seldom 
more  than  one-half  mile  in  width.  There  is  usually  a  narrow 
belt  of  fluvial  deposit  on  one  or  the  other  side  of  the  channel. 
The  bluflFs  that  bound  the  south  side  of  the  river  are  generally 
more  precipitous,  and  are  more  frequently  composed  of  walls 
of  dolomite,  than  those  on  the  north. 

For  a  distance  of  one  mile  or  more  south  from  the  river  the 
numerous  hills  are  built  largely  of  sand  and  the  lowlands  are 
mantled  with  the  same  material.  North  of  the  river  the  hills 
are  not  less  abundant  but  the  covering  alike  of  the  ridges  and 
valleys  is  generally  of  loess. 

In  Van  Buren  and  Washington  townships  the  channel  of  the 
Maquoketa  river  is  somewhat  wider,  but  the  topographic 
features  presented  in  this  portion  of  its  course  do  not  differ 
materially  from  those  developed  along  the  valley  further  west. 

Alluvial  areas, — At  numerous  points  along  the  larger  streams 
of  the  county  narrow  belts  of  fluvial  material  border  the 
channels.  However,  these  areas  are  generally  small  and  they 
do  not  often  form  conspicuous  topographic  features. 

In  the  south  half  of  section  24  and  the  northern  portion  of 
section  25  of  Farmers  Creek  township,  there  is  a  lowland  area 
of  several  hundred  acres  that  seems  to  have  been  developed  as 
an  alluvial  plain.  It  is  situated  in  the  angle  between  Farmers 
creek  and  the  North  Fork  of  the  Maquoketa  river,  and  appears 
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as  an  expansion  of  the  creek  and  river  bottoms  at  the  con- 
fluence of  these  two  streams.  Sand  bars  abound  over  this  low 
land,  but  it  seems  probable  that  the  sand  was  in  part  at  least, 
gathered  from  regions  further  westward  and  deposited  here 
by  the  winds. 

A  small  area  of  flood  plain  has  been  developed  at  the  con- 
fluence of  Otter  creek  with  the  channel  of  Lytles  creek,  in  the 
northwest  quarter  of  section  21  in  Otter  Creek  township.  Over 
this  level  lowland  there  are  left  a  few  small  island  areas  of 
Niagara  limestone  that  have  escaped  the  degrading  action  of 
the  streams.  These  monadnock-like  ridges  are  longer  than 
wide,  and  rise  twenty-five  to  forty  feet  above  the  surrounding 
plain. 

Another  small  monadnock  mound  occurs  in  the  northwest 
quarter  of  section  31,  Van  Buren  township,  over  the  level  area 
of  the  old  Goose  Lake  channel. 

In  the  southwest  quarter  of  Van  Buren  township,  and  the 
southeast  corner  of  Fairfield,  there  is  a  level  plain  that  em- 
braces eight  or  ten  scjuaro  miles.  The  area  is  underlain  with 
Maquoketa  shale,  and  is  bordered  more  or  less  completely  by 
hills  or  low  ledges  of  Niagara  limestone.  This  prairie  area 
is  at  present  drained  by  Deep  creek.  It  extends  eastward  for 
some  distance  up  the  channel  of  Copper  creek,  and  is  continued 
westward  along  a  tributary  of  Deep  creek,  in  the  southern 
portion  of  Fairfield  township. 

The  plain  represents  a  northward  extension  of  the  old  Goose 
Lake  channel.  The  great  width  of  the  valley  at  this  place 
seems  to  be  due  to  the  fact  that  an  arch  in  the  underlying 
strata  crosses  the  ancient  channel  at  this  point,  bringing  the 
easily  eroded  Maiiuoketa  shales  within  reach  of  the  denuding 
action  of  the  streams.  Between  Spragueville  and  Green  Island 
the  temporary  channel  of  the  Mississippi  is  at  present  occupied 
by  the  Maquoketa  river.  Along  this  portion  of  its  course  the 
stream  has  cut  into  the  obdurate  Niagara  limestone  and  hence 
its  effects  are  much  less  pronounced  than  in  that  portion  of  the 
channel  in  the  vicinity  of  Preston. 

In  the  extreme  southwest  corner  of  Tete  des  Morts  township, 
and  the  northeast  portion  of  Belle vue,  there  is  a  region  border- 
ing the  river  over  which  sand  dunes  have  covered  the  greater 
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portion  of  the  vegetation  and  rendered  almost  barren  an  area 
of  several  hundred  acres.  These  sands  are  being  constantly 
shifted  by  the  winds.  Beautiful  wind  furrows  resembling  the 
ripple  marks  on  the  shore  of  a  sandy  beach,  appear  in  abund- 
ance over  the  drifting  surface. 


Fi^.  67— Sand  dune  invadintra  forest,  near  the  northwest  corner  of  section  1, 

Bellevue  township. 

The  area  is  a  modified  alluvial  plain.  The  bank  of  the  river 
at  this  place  is  formed  of  the  Maquoketa  shale  whose  in- 
coherent materials  have  been  denuded  down  to  near  the  level 
of  high  water  over  a  strip  many  acres  in  extent.  On  this  belt 
of  lowlands  the  winds  have  piled  up  hills  of  sand  and  then  re- 
moved, only  to  build  again,  the  ever  changing  line  of  shifting 
dunes. 

From  the  north  line  of  Washington  township  down  to  sec- 
tion 29  of  I'liion  111  u?  are  marshy  lowlands  lying  between  the 
bluffs  that  border  the  valley  and  the  immediate  bed  of  the 
Mississippi  river.  This  flood  plain  has  its  greatest  expansion 
in  the  vicinity  of  Green  Island  where  it  is  two  and  one-half 
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miles  in  width.  These  lowland  areas  are  often  threaded  with 
lagoons,  especially  in  the  southern  part,  and  are  subject  to 
overflow  during  periods  of  high  water.  They  are  partially 
forest  covered,  but  over  the  greater  portion  they  appear  as 
wide  savannas  supporting  a  luxuriant  growth  of  marsh  grass 
which  furnishes  a  large  amount  of  wild  pasturage  and  hundreds 
of  tons  of  native  hay. 

Terraces. — Remnants  of  a  gravel  bench  are  to  be  seen  at  a 
number  of  points  bordering  the  channel  of  the  Mississippi  river, 
and  for  some  distance  up  from  the  mouths  of  many  of  the  tri- 
butary streams.  Such  a  bank  of  gravel  appears,  in  the  road- 
side near  the  southeast  corner  of  section  1,  Bellevue  township. 
The  wagon  road  between  Sabula  and  Lainsville,  just  west  of 
the  railroad,  follows  on  this  old  terrace  twenty  to  twenty-five 
feet  above  the  present  flood  plain. 

About  two  and  one-half  miles  east  of  Green  Island,  a  gravel 
terrace  twenty  foet  in  height  borders  the  valley  and  can  be 
traced  for  some  distance  up  the  channel  of  a  creek  that  joins 
the  river  at  that  point.  Patches  of  such  a  terrace  appear 
along  a  creek  in  section  1  of  Iowa  township,  and  at  points  near 
the  mouths  of  other  streams  that  owe  allegiance  to  the  Miss- 
issippi river  in  Jackson  county.  The  terrace  materials  are 
composed  of  rather  small  and  rounded  water-worn  pebbles,  the 
age  of  which  could  not  be  definitely  determined. 

In  the  southwest  quarter  of  Van  Buren  township,  the  flood 
plains  of  the  present  streams  lie  fifteen  to  eighteen  feet  below 
the  level  of  the  old  Goose  Lake  channel.  This  terrace  is  in 
some  places  composed  of  sand  and  silt,  while  at  others  it  con- 
sists of  a  low  bench  of  Niagara  limestone. 

ALTITUDES. 

The  difference  in  elevation  between  the  highest  and  the  lowest 
points  in  the  county  is  more  than  600  feet.  The  surface  relief 
in  Prairie  Spring  township  alone  exceeds  500  feet. 

The  highest  known  point  in  the  county  is  a  short  distance 
north  of  the  middle  of  the  east  half  of  section  6  in  Prairie 
Spring  township,  where  the  elevation  reaches  1190  feet  above 
the  sea.  The  lowest  point  is  on  the  flood  plain  of  the  Miss- 
issippi river  in  the  extreme  southeast  corner  of  the  county, 
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where  the  altitude  is  about  570  feet.  The  elevations  of  towns, 
with  railroads,  given  below  are  taken  from  Gannett  ^s  Diction- 
ary of  Altitudes  in  the  United  States,  and  give  the  height  above 
sea  level  of  the  top  of  the  ties  at  the  several  stations  named. 
The  other  elevations  furnished  are  taken  from  the  topographic 
sheets  of  the  United  States  Geological  Survey. 

TABLB  OF  ALTITUDBB  FBBT. 

Andrew 870 

Baldwin 712 

Bellevue,  C.  M.  &  St.  P.  R.  R.  btation 618 

Mississippi  river  Com.  H .  W 598 

Mississippi  river  Com.  L.  W 578 

Brandon  township,  middle 955 

Bridgeport     640 

Butler  township,    middle JO lO 

Butler  township,  middle  of  south  side  section  18 1085 

Canton 730 

Cottonville ..990 

Crabb  Hill 700 

Duggan 830 

Emelioe  96S 

Farmers  Creek  township,   middle   700 

Fulton   7  <5 

Garry  Owen 975 

Gordons  Ferry  Station 610 

Green  Island 599 

Hurstville 664 

Iron  Hill 940 

Lainsville 597 

La  Motte,  C.  M.  &St.  P.  R.  R 911 

La  Motte,  U.  S.  G.  S 923 

Maquoketa,  C.  and  N.  W.  Station 684 

C.  M.  &  St.  P.  Station 692 

Weather  Bureau     , 688 

Maquoketa  township,  middle 700 

Miles 780 

Mill  Rock 715 

Monmouth 761 

Monmouth  township,  middle 790* 

Nashville 712 

Otter  creek 1025 

Otter  Creek  township,  middle.*. 800 

•  •         northeast  corner 108O 

"         middle  of  N .  side  section  4 1050 

Oxark 728 

Perry  township,  middle 870 

Prairie  Spring  townihip,  middle 740 

near  middle  of  E.  half  section  6 IIGO 
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Preston 660 

Richland  township,  middle 840 

middle  of  N.  B.  qnarcer  section  3 1125 

Sabnla,  Station 604 

sidiDg 595 

bridge  over  river  ... F07 

Miss,  river  Com.  L.  W 576 

Miss,  river  Com.    H,  W 593 

St.  Donatus,  U.  S.  G.  S 674 

South  Fork  township,  middle 660 

A  study  of  the  above  table  shows  that  the  surface  of  the 
county  has  a  general  slope  towards  the  south  and  east.  The 
divide  that  extends  across  the  county  in  a  north  and  south 
direction  shows  the  following  elevations:  near  the  northwest 
corner  of  Prairie  Spring  township  1190,  Cottonville  990, 
Andrew  870,  and  Maquoketa  684.  Across  the  county  from  west 
to  east  we  have  the  following  altitudes:  Emeline  963,  Iron 
Hill  940,  Andrew  870,  and  Green  Island  599. 

DRAINAGE. 

The  Mississippi  river  is  the  master  stream  of  the  county. 
It  receives  tribute  in  the  area  from  the  Maquoketa  river  and 
from  ]\rorts,  Sprueo,  Mill,  ])uek  and  Pleasant  creeks.  The 
Maquoketa  river  and  its  branches  drain  the  larger  part  of  the 
south  half,  and  the  most  of  the  northwest  portion  of  the  county. 

Maquoketa  river. — The  Maquoketa  river  is  formed  by  the  con- 
fluence of  the  North  and  the  South  Forks  of  the  Maquoketa, 
which  moot  in  the  northwest  quarter  of  section  18  in  Maquoketa 
township.  It  crosses  in  an  east  and  west  direction  a  short 
distance  north  of  the  middle  of  this  township.  Soon  after 
entering  Fairfield  township  it  swings  northward  to  near  the 
north  line,  about  the  middle  of  which  it  again  turns  toward  the 
southeast,  entering  Van  Buren  township  not  far  from  the 
middle  of  the  west  side  of  section  18.  About  one  mile  north  of 
the  village  of  Spragueville,  in  section  15  of  this  township,  it 
meets  the  old  Goose  Lake  channel.  At  this  point  the  river  de- 
parts from  its  general  southeasterly  trend,  which  is  the  char- 
acteristic direction  of  flow  for  the  rivers  of  eastern  Iowa,  and 
swings  strongly  towards  the  northeast  to  its  junction  with  the 
Mississippi  river.     It    enters    the    flood    plain    of    its    master 
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stream  immediately  above  Green  Island,  and  its  waters  join 
those  of  the  Mississippi  through  two  channels  about  two  miles 
north  of  the  last  mentioned  town. 

Brush  creek  is  the  largest  stream  that  joins  the  Maquoketa 
river  from  the  north,  while  Prairie  creek  and  Deep  creek  are 
its  most  important  affluents  from  the  south. 

Goose  Lake  Channel, — The  Goose  Lake  channel,  which  the 
Maquoketa  river  follows  from  Spragueville  to  Green  Island,  re- 
presents the  temporary  channel  occupied  by  the  Mississippi 
river  during  a  portion,  at  least,  of  the  Illinoian  ice  invasion. 
When  the  lobe  of  this  glacier  pushed  over  into  the  southeast 
corner  of  Iowa,  from  Illinois,  the  channel  of  the  Mississippi 
river  was  blocked  with  ice,  and  its  waters  were  forced  to 
find  a  passage  around  the  margin  of  the  ice  sheet.  In  seeking 
a  new  courso  to  the  west  of  the  lobe  of  ieo  the  river  left  its 
pro-Ill inoiaii  channol  at  Green  Island.  It  followed  up  the  pre- 
existing Maquoketa  valley  to  a  point  near  the  middle  of  section 
18  of  Van  Buren  township.  At  this  place  the  temporary  Miss- 
issippi forsook  the  Maquoketa  channel  and  continued  south- 
ward across  sections  19,  30  and  31  forming  the  broad  valley 
which  is  at  present  occupied  by  Deep  creek.  This  channel  of 
the  temporary  Mississippi  river  passes  southward  across  Clin- 
ton county.  Near  the  south  border  of  this  county  it  swings 
towards  the  southwest,  crossing  the  west  side  of  Scott  county, 
the  southeast  corner  of  Cedar,  the  west  half  of  Muscatine  and 
Louisa,  and  continues  in  this  direction  as  far  as  the  northwest 
corner  of  Henry.  At  this  point  it  swings  towards  the  south 
and  southeast  across  the  counties  of  Henry  and  Lee,  and  again 
enters  its  pre-Illinoian  channel  not  far  from  the  present  city 
of  Fort  Madison.* 

In  Jackson  county  the  bottom  of  the  temporary  Mississippi 
valley  was  twenty  to  twenty-five  feet  higher  than  the  present  bed 
of  the  Maquoketa  river  in  the  same  portion  of  its  course,  and 
was  several  feet  above  the  bed  of  Deep  creek  which  now 
occupies  the  ancient  valley  in  sections  19,  30  and  31  of  Van 
Buren  township.  It  seems  probable  that  the  divide  between 
the  headwaters  of  Deep  creek  and  Brophys  creek,  in  Clinton 

♦Leverett:  liii nois  Glacial  Lobe,  Monosrraph  XXXVIII.  U   8.  Geol  Survey,  p.  1 
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ooiint(j^,  formed  a  barrier  which  the  temporary  Mississippi 
river  never  succeeded  in  cutting  down  to  the  level  of  the  valley 
of  the  Maquoketa  river  in  the  vicinity  of  Spragueville.  This 
is  indicated  by  the  fact  that  the  present  altitude  of  this  divide 
where  it  is  crossed  by  the  temporary  Mississippi  channel  a  short 
distance  south  of  Goose  Lake,  is  about  665  feet  above  the  sea, 
while  ten  miles  farther  north  the  elevation  of  the  flood  plain 
of  the  Maquoketa  river,  near  Spragueville,  is  not  far  from  600 
feet. 

A  bench  of  Niagara  limestone  that  extends  nearly  across  this 
channel  on  the  north  side  of  the  wagon  road,  in  the  northwest 
quarter  of  section  19  of  Van  Buren  township  bears  witness  to 
the  presence  of  some  such  obstruction.  The  remnants  of  a 
terrace  of  fluvial  materials  twenty-five  feet  in  height  that 
borders  this  old  valley  further  south,  in  sections  30  and  31, 
also  point  to  some  probable  obstruction  further  down  the 
channel. 

The  presence  of  such  a  barrier  probably  explains  why  the 
Mississippi  river  returned  to  its  pre-Hlinoian  channel  soon 
after  the  melting  of  the  Ulinoian  ice  sheet.  It  also  accounts  in 
part  for  the  fact  that  the  Maquoketa  river  soon  abandoned  the 
course  south  from  Spragueville,  along  the  valley  of  the 
temporary  Mississippi,  and  again  developed  an  outlet  to  its 
master  stream  towards  the  northeast  between  Spragueville  and 
Green  Island,  in  a  direction  of  flow  opposite  to  that  of  the 
waters  of  the  temporary  Mississippi  river. 

North  Fork  of  Maquoketa  river. — The  North  Fork  of  the 
Maquoketa  river  enters  Jackson  county  not  far  from  the 
middle  of  the  west  side  of  section  31,  Butler  township.  Near 
the  southwest  corner  of  section  32  it  bends  southward  and  con- 
tinues to  flow  in  this  direction  down  to  the  old  town  of  Ozark. 
At  this  place  it  swings  eastward  and  with  many  meanders  it 
passes  across  the  northern  portion  of  Brandon  township,  and 
as  far  east  as  the  southeast  quarter  of  section  9  in  the  township 
of  Farmers  Creek.  From  this  point  it  trends  southward  for 
more  than  two  miles  whence  it  again  swings  eastward  to  a 
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point  nearly  one  mile  east  of  Fulton.  Here  it  once  more  bends 
to  the  south  and  meets  the  South  Fork  of  the  Maquoketa  near 
the  northwest  corner  of  section  18,  Maquoketa  township. 

In  Brandon  township  this  river  flows  in  a  narrow  valley 
which  in  many  places  is  bordered  on  one  or  both  sides  by  pre- 
cipitous cliffs  of  limestone,  as  in  the  southeast  quarter  of  sec- 
tion 4.  In  Farmers  Creek  township,  and  southward  to  its 
junction  with  the  South  Fork,  the  valley  of  the  river  grows 
wider,  the  ledges  of  limestone  that  appear  in  the  banks  are 
lower  and  much  less  continuous,  and  become  more  nearly  con- 
cealed by  the  mantle  of  surficial  materials. 

South  Fork  of  Maquoketa  river. — The  South  Fork  of  the 
Maquoketa  crosses  the  Jones-Jackson  county  line  a  short  dis- 
tance north  of  the  town  of  Canton,  near  the  southwest  corner 
of  section  18  in  Brandon  township.  With  numerous  curves  to 
the  north  and  the  south  the  river  persists  in  a  general  south- 
easterly course  to  the  town  of  Maquoketa.  At  this  place  it 
swings  northward  for  a  distance  of  three-fourths  of  a  mile,  to 
its  confluence  with  the  North  Fork  above  described. 

Throughout  the  greater  portion  of  their  flow  in  Jackson 
county  the  courses  of  the  North  and  the  South  Forks  are 
practically  parallel,  and  their  channels  are  not  more  than  four 
to  five  miles  distant  from  each  other.  On  account  of  the  fact 
that  this  interstream  area  is  so  narrow  the  North  Fork  has  no 
important  affluents  on  the  south,  nor  do  any  streams  of  im- 
portance render  tribute  to  the  South  Fork  from  the  north. 

In  the  northwest  portion  of  the  county  Lytles  creek  and 
Farmers  creek  owe  allegiance  to  the  North  Fork  of  the 
Maquoketa,  while  Bear  creek  is  the  most  important  tributary 
to  the  South  Fork  in  the  area  under  consideration. 

Lytlesi  creek. — Lytles  creek  enters  Jackson  county  near  the 
northwest  corner  of  Otter  Creek  township.  It  meanders  across 
the  west  side  of  this  township  and  meets  the  North  Fork  a  short 
distance  east  of  the  middle  of  section  8  of  Farmers  Creek 
township.  It  drains  an  area  of  about  fifty  square  miles,  in- 
cluding the  greater  portion  of  the  east  half  of  Butler,  and 
practically  the  whole  of  Otter  Creek  township.     This  creek  has 
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carved  its  bed  in  the  resistant  Niagara  limestone.  Low  border- 
ing ledges  occur  at  frequent  intervals  in  the  northern  portion 
of  its  course  in  the  county,  but  they  become  more  rare  and  are 
much  more  nearly  loess  covered  along  the  lower  portion  of  its 
flow. 

Farmers  creek, — The  headwaters  of  Farmers  creek  are  found 
in  the  trenches  and  gullies  in  the  southwest  quarter  of  Prairie 
Spring  township.  The  stream  flows  for  a  distance  of  twenty-five 
miles  in  a  general  direction  a  little  west  of  south.  It  joins  the 
North  Fork  near  the  southeast  corner  of  section  24,  Farmers 
Creek  township.  It  carries  the  run-off  from  the  southwest  quar- 
ter of  Prairie  Spring  township,  the  west  half  of  Richland,  the 
nortliwest  quarter  of  Perry  and  the  northeast  portion  of 
Farmers  Creek. 

Bear  creeJx. — Boar  creek,  with  its  branches,  drains  the  greater 
portion  of  Monmouth  township.  It  enters  the  county  near  the 
northwest  corner  of  section  31  of  this  township.  It  flows  a 
little  south  of  east  for  a  distance  of  two  miles  and  then  swings 
northward,  e?it(Ming  the  old  ^ronmouth-Maciuoketa  valley  not 
far  from  the  southeast  corner  of  the  town  of  Baldwin.  It 
follows  eastward  down  this  valley  to  near  the  middle  of  the 
east  side  of  section  23.  Instead  of  continuing  farther  down 
this  natural  waterway,  the  creek  here  swings  strongly  towards 
the  north,  cutting  a  channel  one  hundred  feet  in  depth  through 
the  hills  that  border  the  valley  in  sections  13  and  24.  It  joins 
the  South  Fork  of  the  Maquoketa  not  far  from  the  center  of 
section  13. 

Near  the  middle  of  the  east  side  of  section  22,  Bear  creek 
receives  tribute  of  a  small  stream  from  the  west.  This  creek 
enters  Monmouth  township  in  the  west  side  of  section  8.  It 
follows  the  preglacial  valley  eastward  to  a  point  one  mile  east 
of  the  town  of  Monmouth.  At  this  place  it  forsakes  this 
ready  formed  channel  for  no  assignable  reason,  and  makes  a 
detour  through  the  hills  that  bound  the  north  side  of  the  valley. 
It  flows  north  for  about  three-fourths  of  a  mile,  whence  it  again 
takes  a  southeasterly  course  emerging  once  more  into  the 
ancient  valley  a  short  distance  east  of  Baldwin.  The  hill  around 
which  this  circuit  is  made  rises  120  feet  above  the  valley.     It 
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lies  immediately  to  the  northwest  of  the  town  of  Baldwin  and 
is  a  conspicuous  topographic  feature  of  this  region. 

Prairie  creek, — Prairie  creek  is  the  largest  affluent  of  the 
Maquoketa  river  from  the  south.  It  enters  the  county  a  short 
distance  west  of  the  middle  of  the  south  side  of  section  35  in 
South  Fork  township.  It  drains  the  southeast  corner  of  this 
township  and  the  southwest  quarter  of  Maquoketa,  and  meets 
its  major  stream  near  the  middle  of  the  east  half  of  section  17 
of  the  latter  township. 

Deep  creek, — Deep  creek  follows  the  old  temporary  Miss- 
issippi river  channel  from  the  south  side  of  section  31  of  Van 
Buren  township  to  its  junction  with  the  Maquoketa  river  in  the 
south  half  of  section  18.  A  widely  branching  tributary  of  this 
creek  on  the  east  drains  the  larger  portion  of  Van  Buren  town- 
ship, while  an  affluent  on  the  west  flows  across  the  southern 
portion  of  the  township  of  Fairfield. 

Brush  creek. — The  headwaters  of  Brush  creek  lie  in  the 
southeast  quarter  of  Richland  township.  The  stream  meanders 
in  a  general  southward  direction  down  to  the  vicinity  of 
Andrew  whence  it  swings  towards  the  southeast  for  half  a 
dozen  miles,  joining  the  river  near  the  northeast  corner  of  sec- 
tion 5,  in  the  township  of  Fairfield.  It  carries  the  excess  of 
water  from  an  area  of  about  fifty  square  miles,  which  includes 
the  southeast  quarter  of  Eichland  township,  the  east  half  of 
Perry,  and  the  west  and  the  south  portions  of  Jackson.  At 
some  points  in  .Jackson  towuship,  and  in  sections  14  and  23  of 
Perry,  the  banks  which  border  the  outer  side  of  the  meanders 
of  the  stream  consist  of  high  dolomite  cliffs,  but  in  other  places 
along  its  course  the  banks  are  low,  and  the  ledges  are  mostly 
concealed  by  deposits  of  loess. 

Marts  creek. — A  short  distance  west  of  the  north  side  of  sec- 
tion 4  of  Prairie  Spring  township,  Morts  creek  crosses  the 
Dubuque- Jackson  county  line.  It  flows  in  a  southeasterly 
direction  down  to  the  middle  of  the  northeast  quarter  of  sec- 
tion 22.  At  this  point  it  swings  towards  the  northeast  crossing 
the  east  half  of  Prairie  Spring  and  the  north  half  of  Tete  des 
Morts  townships.  It  meets  the  Father  of  Waters  near  the 
northeast  corner  of  the  county.    This  stream    together    with 
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Spruce  creek  in  the  southern  portion  of  Tete  des  Morts  town- 
ship, drains  practically  the  whole  of  the  two  northern  town- 
ships of  Jackson  county. 

Mill  creek. — Mill  creek  rises  in  the  northeast  quarter  of  Rich- 
land township.  It  follows  a  general  southeasterly  course  across 
Bellevue  township  and  joins  the  river  near  the  southeast  cor- 
ner of  the  town  of  Bellevue.  This  stream  has  exposed  in  its 
banks  the  lowermost  fifty  feet  of  the  Niagara  limestone  and 
practically  the  entire  section  of  the  Maquoketa  shale.  It 
drains  the  north  half  of  the  township  of  Bellevue.  Its  largest 
tributary,  Little  Mill  creek,  drains  the  central  and  southwest 
portions  of  this  township. 

Other  streams. — Duck  creek  drains  eight  or  ten  square  miles 
in  the  southwest  portion  of  Bellevue  township  and  the  north- 
east corner  of  Jackson.  It  has  a  flow  of  about  eight  miles,  and 
joins  the  Mississippi  river  in  the  northeast  quarter  of  section 
29  of  Bellevue  township.  Like  the  Mill  creeks,  it  has  exposed 
along  its  banks  the  basal  beds  of  the  Niagara  and  a  thickness 
of  many  feet  of  Maquoketa  shale. 

The  headwaters  of  Pleasant  creek  lie  in  the  northwest 
quarter  of  Jackson  township.  The  stream  flows  for  a  dozen 
miles  in  a  direction  slightly  north  of  east.  It  enters  the  chan- 
nel of  the  Mississippi  river  in  the  northeast  quarter  of  section 
4,  Washington  township.  It  carries  the  run-off  from  the  larger 
part  of  the  north  half  of  Jackson  township  and  the  northwest 
quarter  of  Washington. 

The  greater  portion  of  Iowa  township  is  drained  by  the  head- 
waters of  Elk  creek  which  flows  southward  into  Clinton  county, 
meeting  the  Mississippi  river  three  and  one-half  miles  below  the 
southeast  corner  of  Jackson. 

A  number  of  other  minor  streams  render  tribute  to  the 
Father  of  Waters  from  Jackson  county,  but  the  most  of  these 
are  small  and  relatively  unimportant. 

STRATIGRAPHY. 
Qeneral  Relations  of  Strata. 

The  geological  formations  that  are  well  exposed  in  Jackson 
county  belong  to  four  different  systems;  the  Ordovician,  Silu- 
rian, Carboniferous  and  the  Pleistocene.    Of  the  Ordovician 
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system  there  are  present  rocks  of  the  Trenton  series  which  in- 
clude the  strata  belonging  to  the  Platteville-Galena  and  the 
Maquoketa  stages. 

Between  the  deposits  of  the  Ordovician  and  those  of  the 
Silurian  system  there  is  evidence  in  Jackson  county  of  an  in- 
terruption in  the  sedimentation  making  an  unconformity  of 
overlap.  At  two  or  three  different  points  the  Niagara  lime- 
stone appears  to  occupy  an  old  channel  of  erosion  which  was 
carved  in  the  Maquoketa  shale  prior  to  the  deposition  of  the 
Niagara  sediments.  The  Niagara  series  embraces  all  of  the 
rocks  which  belong  to  the  Silurian  system  in  our  area.  Of  this 
series  there  are  present  strata  of  the  Hopkinton  and  the  Gower 
stages.  All  of  the  rocks  in  the  county  which  belong  to  the 
Niagara  series  are  dolomites,  being  calcium-magnesium  car- 
bonates in  composition. 

At  one  point  in  the  county  a  number  of  Devonian  fossils 
have  been  found  associated  with  a  local  bed  of  shale. 
These  may  represent  an  outlier  of  Devonian  rocks  or  they  may 
have  been  transported  and  deposited  by  the  glacier  when  it  moved 
down  from  the  northwest.  No  outcroppings  of  undoubted 
Devonian  strata  were  seen  in  Jackson  county. 

The  deposits  of  the  Silurian  and  the  Carboniferous  systems 
are  separated  by  an  enormous  time  interval  and  by  a  very  con- 
spicuous unconformity.  The  Carboniferous  sediments  of  our 
region  consist  of  small  and  scattered  outliers  of  sandstone  or 
sandstone  and  shale  none  of  which  are  continuous  over  areas 
of  any  considerable  extent.  All  of  these  outliers  belong  to  the 
Upper  Carboniferous  series  and  represent  deposits  of  the  Des 
Moines  stage. 

Another  gap  of  exceedingly  great  extent  intervenes  between 
the  deposits  of  the  Carboniferous  system  and  those  of  the 
Pleistocene.  The  latter  materials  consist  of  unconsolidated 
beds,  composed  of  drift,  loess,  alluvium  and  sand,  which  have 
been  transported  and  deposited  by  the  agencies  of  ice,  wind 
and  water.  These  beds  belong  to  the  Glacial  and  the  Recent 
series.  Of  the  former  there  are  present  over  portions  of  our 
area  sheets  of  drift  that  were  spread  out  during  the  Kansan 
and  the  lowan  stages  of  glaciation.    A  portion  of  the  deposits 
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of  loess,  sand  and  alluvium  also  belong  to  the  Glacial  series, 
but  these  can  not  be  differentiated  from  the  corresponding 
materials  that  have  been  more  or  less  worked  over  and  re- 
spread  by  the  action  of  wind  and  water  since  the  permanent 
withdrawal  of  the  glaciers  from  our  state. 

The  following  table  shows  the    relations    of    the    different 
geological  formations  that  appear  in  Jackson  county. 

TABLE  OF  FORMATIONS. 


OROUP. 

8Y8TKM 

8BRIB8. 

8TAOB. 

Pleistocene 

Recent 

Soil,  loess  and  alluvium 

(ilacial 

Cesozoic 

lowan 

Kansan 

Carboniferous 

Upper  ^^arboniterous 
c»r  Pr-nnsvlv«nian 

Des  Moinfs 

Uevonian? 

Mfsn-  Devonian  y    • 

Wapsipinicon? 

Silurian 

Niagara 

Gower 

Paleozoic 

Hopkinton 

Ordovician 

Trenton 

Maquoketa 

Plattrville-Cialena 

OBDOVICIAN  SYSTEM. 

GALENA  STAGE. 

The  Galena  stage  corresponds  with  what  has  formerly  been 
referrod  to  in  the  Iowa  Geological  Survey  reports  as  the  upper 
part  of  the  Galena-Trenton.  Inasmuch  as  it  is  now  thought 
that  the  Trenton  limestone  of  the  upper  Mississippi  valley  is 
not  the  exact  equivalent  of  the  Trenton  beds  in  the  type  locality, 
Dr.  Bain*  has  proposed,  as  a  substitute  for  the  term  Trenton 
in  our  region,  the  name  Platteville  from  the  town  of  Platte- 
ville,  Wisconsin,  at  which  place  the  rocks  of  this  horizon  are 
well  exposed.  The  term  Platteville  is  to  be  restricted  to  the 
beds  between  the  Saint  Peter  sandstone  and  the  top  of  the 
'* Green  Shales,"  while  all  the  beds  above  the  ** Green  Shales" 
will  be  called  Galena.  This  change  in  nomenclature  has  been 
adopted  by  Professor  Calvin  and  it  will  be  followed  in  the  pre- 
sent report. 

The  rocks  of  the  Galena  stage  that  are  exposed  in  Jackson 
county,  represent  the  uppermost  portion  of  the  Galena  as  those 

*Bain:  Lead  and  Zinc  Deposits  of  Northwestern  niinois,  Bull.  248,  U-  S  GeoLSury.,. 
p.  19. 
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rocks  are  developed  in  the  neighboring  county  of  Dubuque. 
With  the  exception  of  a  thickness  of  a  few  feet  near  the  top, 
the  materials  are  subcrystalline,  yellowish  colored,  thoroughly 
dolomitized  limestones  occurring  in  layers  of  considerable 
thickness.  They  are  the  equivalent  of  that  portion  of  the 
Galena  beds  lying  above  the  chert-bearing  zone  described  in  the 
report  on  the  geology  of  Dubuque  county.* 

Distribution, — The  upper  typical  phase  of  the  Galena  lime- 
stone is  exposed  at  numerous  points  over  sections  3,  4,  10,  11, 
13,  14,  15,  and  24  of  Tete  des  Morts  township.  It  appears  in 
the  channel  of  Morts  creek  from  a  point  one-half  mile  west  of 
St.  Donatus  to  its  mouth.  It  forms  the  conspicuous  bluff 
bordering  the  west  bank  of  the  Mississippi  river  from  the 
northeast  corner  of  the  county  to  section  24  of  Tete  des  Morts 
township.  It  outcrops  in  a  low  ledge  along  the  channel  of 
Spruce  creek,  a  short  distance  south  of  the  middle  of  section 
36  of  this  same  township.  The  most  southerly  exposure  of  the 
rocks  of  tins  horizon  occurs  in  the  town  of  Bellevue  where  it 
may  be  seen  along  the  bed  of  Mill  creek  during  low  water  fbr 
a  distance  of  a  few  rods  above  its  junction  with  the  Mississippi 
river. 

Typical  Exposures. — At  a  small  quarry  in  the  village  of  St. 
l^onatus  a  thickness  of  more  than  twenty-five  feet  of  the  upper- 
most strata  of  the  Galena  ayjpears  at  the  foot  of  the  Maquoketa 
slope.     The  section  here  exjjosed  is  as  follows: 

PBBT. 

5.  Bed  consisting:  of  grayish-yellow  dolomite  in  layers  three  to 
ei^ht  inches  in  thickness,  which  are  separated  by  narrow 
partings  of  shale;  containing  a  number  of  foss.ls  in  the 
form  of  casts   or  molds 5}i 

4.     Layer  of   yellowish   colored    dolomite  similar  to  No.  5  above, 

and  containing  similar  fossils 2 

3.  Two  layers  of  yellow  dolomite  each  about  eij^ht  inches  in 
thickness,  which  are  separated  from  each  other  and  from 
those  adjacent  by  two-inch  bands  of  shale IJg 

2.     Bed  of  rather   hard   dolomite   which  is  imperfectly  separated 

into  layers  respectively  2,    V.  2.    f  and  U  feet 6^ 

1.     Yellow  col' red,  fossiliferous  and  somewhat  vesicular  dolomite, 

consisting  of  layers  2,  3.  2i,  i  and  3  feet  in   thickness 11 

All  of  the  layers  in  the  above  section  contain  fossils  which 
are  in  the  form  of  casts  or  moulds,  and  are  in  many  cases  not 

♦Calvin  and  Bain:  Iowa  Qeol.  9urv  ,  Vol.  X.  p.  425 
38 
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well  preserved.  The  following  were  identified  by  Professor 
Calvin  from  this  exposure.:  Streptelasma  corniculum,  lAngvla 
iowensis,  Orthis  biforata,  Plectambonites  sericea,  Rafinesquina 
deltoidea,  Rhynchotrema  capax,  Hormotoma  subangtdataf 
Ctenodonta  sp.,  and  Orthoceras  sp.  / 

About  one  mile  southwest  of  St.  Donatus  a  low  ledge  has  been 
worked  in  the  south  bank  of  Morts  creek.  A  quarry  face  is 
here  exposed  to  a  height  of  about  ten  feet  above  the  water. 
The  layers  worked  correspond  with  those  of  numbers  2  to  4 
inclusive  in  the  section  at  St.  Donatus.  The  stone  is  a  yellow- 
ish colored,  fossil-bearing  dolomite,  occurring  in  rather  thin 
layers  which  are  separated  by  partings  of  shale  quite  similar 
to  that  in  the  St.  Donatus  exposure.  The  following  foasils 
were  collected  at  this  place:  Owenella  sp.,  Lingula  iowensis, 
Orthis  biforata,  0.  testudinaria,  Plectambonites  sericea,  Rafi- 
nesquina deltoidea,  Murchisonia  gracilis,  and  a  few  individuals 
of  other  species  of  gastropods. 

Layers  belonging  to  this  same  horizon  outcrop  along  the 
wagon  road  near  the  southeast  comer  of  section  23,  and  at 
several  points  in  the  west  half  of  section  15  where  they  form  a 
•conspicuous  bench  along  the  streams.  Lingula  iowensis  is  very 
abundant  at  all  of  these  exposures,  and  Orthis  biforata,  Pled- 
<imbonites  sericea  and  Murchisonia  gracilis  are  usually  present. 

In  following  down  the  bed  of  a  small  stream  that  flows  north 
from  the  wagon  road,  near  the  line  between  sections  13  and  14 
of  Tete  des  Morts  township,  a  thickness  of  about  sixty-five 
feet  of  blue  colored,  plastic  shale  is  passed  over.  Below  this 
shale  there  is  encountered  a  thickness  of  about  twenty-eight 
feet  of  yellowish-gray,  rather  fine-grained  dolomite  composed 
of  layers  which  vary  from  three  to  eight  or  nine  inches  in  thick- 
ness, and  which  are  usually  separated  by  partings  of  shale. 
These  layers  contain  Lingula  iowensis,  Orthis  biforata,  Murchis- 
onia gracilis,  and  fragments  of  a  number  of  other  fossils.  They 
seem  to  be  the  equivalent  of  the  rocks  described  in  the  section 
at  St.  Donatus. 

Below  the  horizon  of  the  layers  described  above,  the  rocks 
in  the  bed  of  the  stream  change  to  a  darker  yellow.  They  be- 
come more  crystalline  and  vesicular,  and  contain  numerous 
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quite  large,  irregular  and  botryoidal  cavities.  The  layers 
also  increase  in  thickness,  and  partings  of  shale  are  not  present. 
ReceptacuUfes  oweni,  Murchisonia  major,  Bellerophon  sp.  and 
remains  of  :i  number  of  other  small  gastropods  were  collected 
from  a  zone  about  fifty-five  feet  below  the  base  of  the  Maquo- 
keta  shale.  The  contact  of  tlrj  Galena  beds  with  the  Maquo- 
keta  shale  is  clearly  exposed  in  this  ravine,  and  the  transition 
from  the  dolomite  below  to  the  plastic  shale  above  is  quite 
abrupt,  but  there  is  here  to  be  seen  no  evidence  of  unconformity 
between  the  two  formations. 

In  the  northeast  quarter  of  section  4,  Tete  des  Morts  town- 
ship, the  north  bank  of  Morts  creek  is  bordered  by  a  scarp  of 


■Bin 

■Br 

PIH^ 

HRl" 

|ff\v  -    ^^Sl^UP£ 

i^^'^ 

^^Ek^lti^'* 

S^m|^ 

'^'^S^^^l 

^^W^ 

1  ^^^H 

f^jt^jK^ 

.j^l^Bml^ 

l^KW^i^^ 

P?!/^V^j£;. 

f  ■H^BK^ssh. 

h^^di^fV^ 

1^^^^^^H^Bh|^ 

EKiifff' 

rl^^M^^H 

fs^^g^^^KM 

^ 

P^-^'^-- 

1 

l^gg 

■MBv^K^^^^HP^  -^  %^^fc*'4  ^  ^^ 

Fii;.  6S-  Weather-carved  cliffs  of  Qalena  limestone.    Section  4  of  Tete  des  Morts 
township.    Seventy  feet  above  the  bed  of  the  creek. 

Galena  dolomite  which  rises  sixty-five  feet  above  the  water. 
The  upper  portion  of  this  ledge  has  weathered  into  a  number 
of  picturesque  pinnacles  and  towers  twenty  to  thirty  feet  in 
height,  shown  in  figure  68.  In  a  layer  a  few  feet  above  the 
base  of  these  columns  there  is  a  narrow  zone  in  which  remains 
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of  Receptaculities  otveni  are  exceedingly  numerous.  Becepta- 
culites  is  the  characteristic  fossil  of  this  horizon  and  marks  a 
zone  about  fifty-five  or  sixty  feet  below  the  top  of  the  Galena 
beds  in  Jackson  county.  Imperfectly  preserved  brachiopod 
remains  and  some  casts  of  gastropods  are  also  present  in  this 
bed. 

At  the  junction  of  Morts  creek  with  the  Mississippi  river 
the  scarp  on  the  north  side  rises  eighty  to  ninety  feet  in  height. 
It  consists  of  heavy,  massive  ledges  of  dolomite,  in  layers  four 
to  six  feet  in  thickness.  These  are  subcrystalline  in  texture 
and  quite  free  from  concretions  of  chert.  This  phase  of  the 
Galena  forms  the  bluffs  which  border  the  Iowa  side  of  the  Miss- 
issippi river  for  some  miles  south  from  the  mouth  of  Morts 
creek.  It  doubtless  corresponds  with  numbers  12  and  13  of 
the  section  at  the  Eagle  Point  Lime  Works,  in  Dubuque,  as 
given  in  the  Dubuque  county  report.* 

A  point  of  Galena  limestone  is  exposed  on  the  east  side  of  the 
wagon  road,  in  the  northeast  quarter  of  section  24,  in  this  same 
township.     The  section  shown  is  given  below: 

FEET. 

8.  Weathered  ledge  of  hard,  yellowish-gray  dolomite  which  is 
indistinctly  separated  into  layers  and  presents  a  very  rough 
surface 6 

7.  Three  layers  of  hard  buff  colored  dolomite  respectively  3,  3 
and  1  foot  in  thickneFS,  the  surface  showing  numerous 
small  cavities 7 

6.  Heavy  layers  of  yellow  dolomite,  Meceptaculites  e^u/^iri  abun- 
dant near  the  middle  porticn 5 

5.  Layer  of  bard,  sub-crystalline  limestone,  yellow  in  color, 
showing  numerous  cavities,  fossils  few  and  poorly  pre- 
served       4 

4.     Bed  similar  in  character  to  No.  5  above,    which  weathers  into 

indistinct  layers  three  to  six  inches   in  thickness 5 

3.  Ledge  consisting  of  two  layers,  each  about  two  feet  in  thick- 
ness, containing  a  number  of  indistinct  fossil  remains 4 

2.     Layer  of  hard  buff  colored  dolomite  similar   to  No.  3 3^ 

1.     Hard,  massive   ledge  of  yellow,    vesicular  dolomite,  down  to 

level  of  water 4^ 

In  the  above  section  number  6  represents  the  Receptaculites 
horizon  which  appears  near  the  base  of  the  columns  in  figure 
68-    It  belongs  about    fifty-five    feet    below    the  top    of    the 

Calvin  and  Bain:  Iowa  Geo!.  Surv..  Vol,  X.  pp.  423  andr424. 
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Galena  limestone.  The  upper  phase,  in  which  the  layers  are 
narrow  and  partings  of  shale  numerous,  occurs  above  number 
8  of  the  section  last  given. 

MAQUOKETA  STAGE. 

In  Iowa,  the  aggregate  of  strata  that  constitute  the  Maquo- 
keta  stage  are  exceedingly  variable.  They  change  in  lithology 
and  thickness  within  areas  separated  by  only  a  few  miles.  The 
fossils  that  they  carry  are  as  lawless  in  their  development  and 
38  local  in  their  distribution  as  are  the  strata  that  enclose  them. 

The  most  constant  phase  of  the  Maquoketa  consists  of  a 
heavy  body  of  non-fossiliferous,  bluish-gray,  plastic  clay  shale, 
from  100  to  150  feet  in  depth.  At  the  top  of  the  shale  bed 
there  are  generally  present  narrow  layers  of  indurated  lime- 
stone, three  to  six  or  eight  inches  in  thickness,  which  are 
separated  one  from  another  by  bands  of  shale  of  about  equal 
thickness  with  the  calcareous  layers.  The  Niagara  limestone 
often  immediately  succeeds  this  fossil-bearing  phase  of  alter- 
nating shale  and  limestone  layers  without  any  other  tran- 
sitional beds.  This  is  the  case  near  Green  Island,  in  an  ex- 
posure near  the  middle  of  the  south  side  of  section  24,  Wash- 
ington township  in  Jackson  county,  and  also  at  Patterson's 
spring,  near  the  town  of  Brainard  in  Fayette  county.  At  other 
points  the  very  fossiliferous  zone  may  be  entirely  wanting  and 
the  heavy  body  of  blue  shale  is  separated  from  the  Niagara 
limestone  by  a  thickness  of  twenty-five  or  tin'rty  feet  of  tran- 
sition beds  which  consist  of  indurated  yellow-colored,  impure 
limestone  which  weathers  into  thin  bands  and  carries  but  few 
fossils.  At  still  other  points  these  transition,  barren  beds 
intervene  between  the  fossil-bearing  layers  and  the  Niagara. 

The  middle  and  the  lower  beds  of  the  Maquoketa  stage  are 
even  more  inconstant  and  variable  than  the  upper.  In  Jackson 
county  the  heavy  body  of  plastic  shale  passes  downward  quite 
abruptly  into  the  thin-bedded  dolomite  phase  of  the  Galena. 

In  Dubuque  county  Professor  Calvin  designates  this  plastic 
clay  phase  as  the  Upper  Maquoketa  and  records  for  it  a  thick- 
ness of  150  feet.*    Below  the  Upper  Maquoketa    beds    there 

•CaWin  and  Bain:  Iowa  Qeo>^.  Burv.,  Vol  X,  p.448. 
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occur  fifty  to  seventy  feet  of  indurated  shale  and  limestone 
layers  which  contain  very  numerous  fossils,  and  which  were 
referred  to  as  the  Lower  Maquoketa. 

A  few  miles  farther  northwest,  in  the  counties  of  Fayette 
and  Clayton,  the  upper  Maquoketa  phase  consists  of  about  125 
feet  of  plastic  shale  which  is  barren  of  fossils  except  in  a 
narrow  zone  at  the  top.  Below  these  Upper  Maquoketa  de- 
posits there  occurs  about  fifty  feet  of  limestone  which  is  usually 
thin  bedded  and  contains  very  numerous  chert  nodules — the 
Middle  Maquoketa  of  the  Fayette  county  report  and  the  Fort 
Atkinson  limestone  of  Professor  Calvin's  report  on  Winne- 
shiek county.  Below  the  Fort  Atkinson  limestone,  in  these 
counties,  there  are  present  about  100  feet  of  shales  and  argil- 
laceous limestones  that  are  in  places  very  fossiliferous  and  that 
belong  to  the  Maquoketa  stage.  These  constitute  the  Lower 
Maquoketa  beds  of  tho  Fayette  county  report;  and  the  Clermont 
shale,  and  Elgin  shales  and  limestones  of  Calvin  in  Winneshiek 
county. 

Li  Jackson  county  all  of  the  deposits  corresponding  with  the 
Middle  and  Lower  Maquoketa  divisions,  which  attain  an  aggre- 
gate thickness  of  more  than  125  feet  in  Fayette  and  Clayton 
counties,  are  entirely  wanting.  The  Maquoketa  beds  of  our 
aFea,  like  the  deposits  of  this  stage  in  Delaware  county,  are 
argillaceous  throughout,  with  the  exception  of  the  calcareous, 
fossil-bearing  bands  and  the  transition  beds  in  the  upper  part. 
There  is  present  here  only  the  Upper  Maquoketa  phase,  which 
is  the  equivalent  of  the  Upper  Maquoketa  beds  of  the  Dubuque 
and  Fayette  county  reports,  and  corresponds  with  the  Brain- 
ard  shrile  of  the  rc^pjrt  on  the  geology  of  Winneshiek  county. 

This  bed  consists  of  about  100  feet  of  blue,  plastic  shale  which 
is  barren  of  fossils  throughout  the  greater  portion  of  its  depth. 
Li  the  upper  part  there  are  usually  present  thin  seams  of  lime- 
stone three  to  eight  inches  in  thickness  which  are  crowded  with 
fossil  remains.  These  calcareous  layers  are  separated  one 
from  another  by  bands  of  shale  which  are  also  often  very 
fossiliferous.  At  a  few  points  in  the  county  this  fossil-bearing 
zone  is  succeeded  by  transition  beds  of  yellow-colored,  rather 
fine-grained,  earthy  limestone,  with  but  few  fossils,  which  break 
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up  into  thin  layers,  under  the  influences  of  weathering.  In 
other  places,  notably  along  Morts  creek  and  the  Mill  creeks 
and  in  the  vicinity  of  Bellevue  in  the  northeastern  portion  of 
the  county,  the  very  fossiliferous  zone  of  alternating  shales 
and  limestones  is  absent.  The  plastic  shale  is  separated  from 
the  Niagara  limestone  by  a  thickness  of  twenty-five  to  thirty 
feet  of  indurated  transition  beds  similar  in  lithology  and  text- 
ure to  those  referred  to  above. 

Distribution, — The  Maquoketa  shale  appears  in  the  bluff 
which  bounds  the  Mississippi  river  on  the  west  from  the  town 
of  Bellevue  to  the  southern  border  of  the  county.  It  appears 
along  Morts  creek  throughout  all  of  its  course  in  Prairie  Spring 
and  Tete  des  Morts  townships.  This  deposit  fringes  a  portion 
of  all  of  the  larger  streams  that  render  direct  tribute  to  the 
Father  of  Waters  from  our  area,  and  makes  itself  manifest  ia 
the  gentle  erosion  curves  to  a  variable  distance  from  the  river. 
It  immediately  underlies  the  Pleistocene  deposits  over  a  large 
portion  of  Tete  des  Morts  township  and  a  considerable  area 
in  the  township  of  Bellevue.  It  extends  in  a  narrow  belt  across 
the  south  half  of  the  townships  of  Van  Buren  and  Fairfield. 

Typical  Exposures, — Detailed  description  of  the  following 
exposures  will  make  clear  the  character  of  the  Maquoketa 
materials  in  Jackson  county.  The  contact  of  the  Maquoketa 
shale  with  the  underlying  Galena  beds  is  best  seen  in  the  chan- 
nel of  a  small  stream,  near  the  line  between  the  south  half  of 
sections  13  and  14  of  Tete  des  Morts  township.  Along  this 
stream  a  thickness  of  sixty-five  feet  of  the  basal  portion  of  the 
Maquoketa  shale  is  well  exposed.  The  material  is  a  bluish 
colored,  non-indurated  shale,  without  fossils.  At  the  bottom 
there  is  an  abrupt  change  in  the  character  of  the  materials 
at  the  line  of  contact  of  the  Maquoketa  with  the  Galena  de- 
posits. 

The  entire  thickness  of  the  Maquoketa  sediments  is  present 
in  the  river  bluff  near  the  southeast  corner  of  the  town  of 
Bellevue.  The  uppermost  layers  of  the  Galena  dolomite 
appear  in  the  bed  near  the  mouth  of  Mill  creek.  At  the  sum- 
mit of  the  scarp  at  this  place  there  is  a  thickness  of  about  thirty 
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feet  of  Niagara  limestone.  The  vertical  distance  from  the  base 
of  the  Niagara,  at  the  top  of  the  bluff,  to  the  dolomitized  layers 
of  Galena  in  the  bed  of  Mill  creek  is  more  than  100  feet. 

A  small  affluent  that  joins  the  creek  a  few  rods  west  of  this 
point  exposes  along  its  bed  about  thirty  feet  of  blue-gray  shale 
which  is  barren  of  organic  remains.  Along  a  stream  that  comes 
down  from  the  upland  near  the  northwest  comer  of  Bellevue 
the  upper  portion  of  the  Maquoketa  shale  is  well  exposed.  The 
succession  of  beds  at  this  place  is  shown  in  the  section  given 
below : 


8.  Bed  of  hard,  massive,  crystalline  dolomite,  in  heavy  layers 
three  to  six  teet  in  thickness;  indistinct  remains  of  fossils 
not  rare.     Niaj^ara  limestone 13 

7.  Yellowish-gray,  rather  fine-grained,  impure  limestone,  in  even 
layers  four  to  fourteen  inches  in  thickness,  weathering 
into  bands  of  one  to  two  inches;  carrying  a  few  fossils; 
without  chert  nodules 14 

6.  Bed  of  argillaceous,  earthy  limestone  in  layers  two  to  six 
inches  in  thickness;  containing  a  few  fossils.  On  weath- 
ered faces  thin  partin^is  of  shale  appear  between  the  layers     19 

5.  Lfedge  of  yellowish  colored,  argillaceous  stone,  which  is 
bluish-gray  where  not  exposed  to  the  action  of  the  atmos- 
phere; in  layers  one  to  three  feet  in  thickness;  weathering 
into  narrnw  bands  one  to  three  inches  thick.  Occasional 
nodules  of  chert  appear  in  lower  part 15 

4.  Bed  of  grayish- blje,  indurated,  calcareous  shale,  which 
weathers  into  thin  bits;  without  fossils  but  carrying  a  few 
chert  nodules 3>^ 

3.  Layer  of  rather  fine-grained  yellow  colored,  impure  limestone 
much  decayed  and  showing  numerous  close  lines  of  lami- 
nation          % 

2.     Bluish-gray     shale,    somewhat     indurated,    weathering   into 

small  polygonal  and  irregular  fragments,  without  fossils.     10 

1.     Bed  of  blue  colored,  plastic,  nonfossiliferous  shale 30 

In  this  section  number  8  represents  the  basal  portiou  of  the 
Niagara  limestone.  It  is  harder  and  more  resistant  to  weather- 
ing than  the  underlying  beds  and  forms  an  overhanging  shelf 
two  to  four  feet  in  width.  Numbers  1  and  2  are  shale  beds  that 
represent  the  upper  portion  of  the  main  body  of  plastic  shale. 
Numbers  3  to  5  inclusive  are  indurated  beds  which  were  origin- 
ally of  a  bluish  color.  They  contain  a  large  amount  of  argil- 
laceous material.     It  seems  probable   that  they  represent  a 
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local  modification  of  the  shale  deposit  after  the  sediments  were 
laid  down.  Number  6  also  contains  a  large  amount  of  argil- 
laceous material.  Numbers  6  and  7  together  represent  a  tran- 
sition phase  from  the  Maquoketa  shale  to  the  Niagara  dolomite. 
A  few  fossils  were  taken  from  the  layers  of  numbers  6  and  7 
among  which  were  Orthis  testvdinaria,  Leptaena  rhomboidalis, 
Zygospira  sp.  and  the  pygidium  of  a  trilobite  resembling  Caly- 
mene  mammilata  Hall.  No  traces  of  fossils  could  be  seen  in 
tlio  beds  below  number  6  of  the  section.  The  materials  of  num- 
ber 7  have  been  worked  to  some  extent  as  a  quarry  horizon, 
supplying  stone  for  local  use. 


Pi(r-  69    View  showintr  the  unusual  character  of  transition  beds  at  the  upper 

portion  of  the  Maquoketa  shale;  near  Bellevue     The  cap  at  the 

summit  is  Niag-ara. 

It  seems  probable  that  numbers  G  and  7  of  the  section  rep- 
resent the  typical  transition  bods  below  tli  •  Niagara  wliich  are 
well  developed  in  the  counties  of  Delaware*  and  Dubuque.f 
These  same  beds  are  well  x^xposed  near  the  top  of  the  bluff 
about  one-half  mile   south  of  Bellevue,  where   they  attain  a 

•Calvin:  Iowa  Geol.  Surv.,  Vol.  VIII.  o.  141. 
tCalvin  and  Bain:  Iowa  Geo).  Burv.,  Vol.  X  p.  444. 
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thickness  of  thirty  or  thirty-five  feet.  They  bear  no  fossils, 
but  th^ir  characteristic  manner  of  weathering  may  be  clearly 
seen  at  the  latter  outcrop.    See  Fig.  69. 

On  following  up  the  bed  of  a  small  stream  that  crosses  the 
wagon  road  near  the  southwest  coriler  of  section  14,  Prairie 
Spring  township,  there  are  passed  over  about  fifty  feet  of  blue, 
plastic  shale.  This  body  of  shale  is  succeeded  by  about  thirty 
feet  of  yellow,  rather  fine  grained  magnesian  limestone,  in  thin 
layers  which  contain  Orihis  testudinaria.  These  layers  also 
represent  the  transition  beds  of  the  Maquoketa.  They  are 
overlain  by  a  ledge  of  massive  dolomite  forty  feet  in  thickness 
which  belongs  to  the  Niagara  series. 

Along  Mill  creek,  near  the  east  side  of  section  1,  Richland 
to^Tiship,  the  Maquoketa  transition  beds  are  well  developed. 
Fragments  of  these  materials  are  conspicuous  in  the  talus 
heaps  at  the  foot  of  the  ledges  and  along  the  beds  of  the 
streams.  In  every  place  where  the  uppermost  strata  of  the 
Maquoketa  are  exposed  over  the  north  half  of  Bellevue  town- 
shij)  and  in  the  townships  of  Prairie  Spring  and  Tete  des  Morts 
the  transition  beds  have  a  thickness  of  thirty  or  more  feet.  At 
none  of  these  points  were  any  of  the  fossil-bearing  shale  and 
limestone  layers  seen;  nor  were  any  fossiliferous  fragments  to 
be  found  along  the  channels  of  the  streams,  as  they  are  in 
regions  where  the  fossiliferous  phase  of  the  Upper  Maquoketa 
deposit  is  normally  developed. 

About  two  miles  south  of  the  town  of  Bellevue  the  fossil- 
bearing  layers  of  the  Upper  Maquoketa  are  encountered  along 
the  bed  of  a  stream  that  joins  the  river  in  the  southeast  quarter 
of  section  29,  township  86  north,  range  V  east.  On  walking  up 
the  channel  of  the  stream  a  thickness  of  about  80  feet  of  blue 
colored,  tenacious  shale  is  encountered.  This  is  overlain  by 
a  bed  composed  of  alternating  bands  of  shale  and  limestone 
which  have  an  aggregate  thickness  of  about  twelve  feet.  Both 
the  calcareous  and  the  argillaceous  layers  are  crowded  with 
the  characteristic  fossils  of  the  Upper  Maquoketa  stage,  among 
which  Plectamhonites  sericca,  Rafincsqvina  (diernata,  Leptaena 
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unicostata,  Orthis  occidentalis,  0.  testvdinaria,  Rt/nchotrema 
capax  and  Tentaculites  sterlingensis  are  abundant.  The  tran- 
sition layers  were  not  observed  at  this  place. 

This  fossiliferous  phase  of  the  Upper  Maquoketa  layers 
appears  again  along  Duck  creek,  in  the  southern  portion  of 
Bellevue  township.  Numerous  rock  fragments  resembling  a 
brachiopod  coquina,  which  came  from  this  horizon,  were  seen 
in  the  bed  of  Pleasant  creek  and  along  the  channels  of  tho 
tributary  streams  over  the  north  half  of  the  township  of  Wash- 
ington. 

Near  the  middle  of  the  north  half  of  section  16  in  the  last 
named  township,  there  is  an  excellent  exposure  of  the  uppermost 
layers  of  the  Maquoketa  beds.  They  outcrop  in  the  banks  of  a 
stream  on  the  west  side  of  the  wagon  road  and  resemble  quite 
closely  the  beds  at  Patterson's  spring  near  Brainard  in  Fayette 
county.  This  is  one  of  the  most  favorable  places  of  our  area 
in  which  to  collect  the  fossils  belonging  to  the  Upper  Maquo- 
keta horizon.  The  indurated  layers  are  four  to  six  or 
eight  inches  in  thickness  and  the  intervening  seams  of  shale 
are  almost  as  crowded  with  fragments  of  shells  as  are  the 
calcareous  bands.  The  following  forms  occur  in  great  abun- 
dance: Strophoniena  resembling  S.  nutans,  an  undescribed 
species  of  Strophomena,  Orthis  occidentalis,  0.  tcstudinaria, 
Rynchonella  (9)  anHcostiensis,  Rhynchotrema  capax,  Byssony- 
chia  radiata  and  a  small,  branching  monticuliporoid.  There  are 
here  no  well  developed  transition  beds  between  this  fossil-bear- 
ing zone  and  the  Niagara  limestone. 

Another  good  exposure  of  the  upper  layers  of  the  Maquoketa 
deposits  occurs  in  a  ravine  south  of  the  wagon  road  near  the 
middle  of  the  south  side  of  section  24,  township  85  north,  range 
V  east,  one-fourth  mile  southwest  from  the  town  of  Green  Island. 
There  is  given  below  a  section  of  the  beds  encountered  in  this 
exposure : 

FBBT. 

6.     Heavy  layers  of  yellow  dolomite,  coarse  grained    and   some- 

what  crystalline,  carrying  traces  of  a  few  fossils 15 

5.  Bed  composed  of  very  uneven  and  irregular  layers  of  yellow 
colored  dolomite,  two  to  four  inches  in  thickness,  which 
are  cut  at  frequent  interval*?  by  conspicuons  chert  bands 
two  to  three  inches   thick 25 
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4.  Bed  of  yellowish ,  rather  fine-ffrained  dolomite,  free  from 
chert,  in  layers  that  were  originally  eight  to  twenty-four 
inchei  in  thicknesi,  bnt  whicb  have  weathered  into  narrow 
bands  one  to  one  and  one-half  inch ^      9 

3.     Layer  of  bine  colored  shale 2 

2.  Ded  composed  of  alternating  shale  and  limestone  layers  which 
carry  in  abundance  the  characteristic  Upper  Maquoketa 
fossils , 20 

1.  Blue  colored,  tenacious  shale,  without  planes  of  stratifica- 
tion, carrying  no  fossils,  but  containing  numerous  nodules 
of  iron  pyrites 25 

In  the  above  section  numbers  1  to  3  inclusive  are  the  typical 
Upper  Maquoketa  deposits.  Number  4  diflfers  in  lithological 
appearance  and  in  its  mode  of  weathering  from  the  transition 
beds  further  north  and  it  seems  probable  that  this  member  re- 
presents the  basal  layers  of  the  Niagara  limestone  as  those 
materials  are  developed  in  the  southern  portion  of  Jackson 
county.  No  fossils  could  be  found  in  this  member,  but  it  is 
quite  uniformly  present  to  a  variable  thickness  underlying  the 
chert-bearing  horizon.  Number  5  of  the  section  is  character- 
ized by  the  presence  of  numerous  bands  of  chert,  which  are 
intercalated  between  narrow  layers  of  coarse-grained,  earthy, 
yellowish  colored  dolomite.  It  is  a  well  marked  horizon  in  the 
lower  portion  of  the  Niagara  dej^osits  over  the  greater  portion 
of  our  area. 

About  one  mile  west  of  Sabula  the  upper  i)ortion  of  the 
Maquoketa  appears  near  the  top  of  the  bluff  just  south  of 
where  the  wagon  road  passes  up  the  hill  from  the  bottom  land. 
There  are  about  eighteen  feet  of  the  Niagara  at  the  summit 
of  this  bluff,  below  which  outcrops  twenty-five  feet  of  yellowish- 
gray,  non-fossiliferous,  impure  limestone  which  presents  many 
of  the  characters  of  the  transition  beds.  Tliis  exposure  is  on 
the  south  slope  of  an  arch  that  extends  with  a  trend  slightly 
south  of  an  east-west  direction  from  Savanna,  Illinois,  to  near 
the  east  side  of  Fairfield  township  in  Jackson  county.  Below 
the  transition  beds  the  surface  inclines  gently  down  to  the  flood 
plain  of  the  river  through  a  vertical  distance  of  sixty-five  feet. 
The  gentle  slope  is  so  completely  sodded  over  that  few  outcrops 
of  the  plastic  shale  are  to  be  seen. 
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In  the  north  part  of  the  town  of  Savanna,  across  the  river 
east  from  Sabula,  the  upper  beds  of  the  Maquoketa  appear  near 
the  top  of  the  bluffs  almost  100  feet  above  the  water.  The 
fossil  bearing  layers  are  here  well  developed  and  contain 
Streptelasma  cornictUum,  numerous  biscuit-shaped  colonies  of 
some  bryozoan,  a  branching  monticuliporoid,  Leptaena  uni- 
costata,  Plectambonites  sericea,  Rafinesquina  alternata,  Orthis 
occidentalis,  0.  testudinaria,  0.  biforata,  Rhynchonellaf  anti- 
costiensis  and  Rhynchotrema  capax.  This  zone  is  separated 
from  the  very  cherty  horizon  of  the  Niagara  by  a  bed  of 
yellowish,  non-fossiliferous,  rather  fine  grained  dolomite  four 
to  seven  feet  in  thickness. 

The  fossiliferous  phase  of  the  upper  beds  of  the  Maquoketa 
appears  again  about  eight  miles  west  of  Sabula,  in  the  south- 
west quarter  of  section  13  in  Van  Buren  township.  A  weathered 
bed  of  blue  shale  along  the  roadside  furnished  Leptaena  uni- 
costata,  PUctamhonites  sericea,  Orthis  occidentalis  and 
Rhynchonellaf  anticostiensis.  This  same  phase  of  the  Upper 
Maquoketa  layers  njay  be  seen  at  a  number  of  points  in  the 
wagon  road  which  crosses  the  north  half  of  section  23.  At 
these  outcrops  the  biscuit  shaped  bryozoan  colonies  are  abun- 
dant. Some  of  these  are  flattened  masses  from  two  to  five 
or  six  inches  in  diameter.  Others  have  a  more  narrow  cylind- 
rical form,  four  or  five  inches  in  length,  which  shows  at  intervals 
rather  deep  annular  constrictions  as  if  the  colony  had  experi- 
enced unfavorable  conditions  for  growth  which  alternated  with 
periods  of  more  rapid  development.  Associated  with  the  above 
were  Streptelasma  corniculum,  Plectambonites  sericea,  Orthis 
occidentalis,  0.  testudinaria,  0.  whitfieldi,  Zygospira  modesta, 
Rhynchonellaf  anticostiensis,  Rhynchotrema  capax,  Byssony- 
chia  radiata,  Cyrtolites  ornatusf  and  fragments  of  large  indivi- 
duals of  a  trilobite  belonging  to  the  genus  Isotelus.  One-half 
mile  north  of  the  town  of  Preston  a  bed  of  blue  shale  appears 
in  the  roadway  and  along  the  banks  of  a  ravine  near  the  foot 
of  the  hill  bordering  the  old  Goose  Lake  Valley.  The  fossils 
at  this  place  are  similar  to  those  found  in  section  23,  but 
aneroid  readings  gave  the  elevation  at  two  points  of  the  latter 
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outcrops  as  respectively  ninety  and  115  feet  higher,  than  that 
of  the  exposure  near  Preston. 

The  upper  portion  of  the  Maquoketa  beds  is  again  encountered 
about  four  miles  west  of  Preston,  near  the  southwest  corner  of 
section  26  in  Fairfield  township,  at  an  altitude  eighty  feet  above 
the  Preston  exposure.  The  fossil-bearing  layers  are  not  ex- 
posed at  this  place,  nor  do  fossiliferous  rock  fragments  appear 
in  the  bed  of  the  stream.  However,  a  body  of  blue  shale,  the 
top  of  which  determines  a  zone  of  springs,  can  be  seen  under- 
lying the  thin  bedded  cherty  phase  of  the  Niagara. 


Fij;.  70~Small  fall  due  to  hard   layer  underlain  by  weaker  beds. 

Calvin. 


Photo  by 


In  the  channel  of  a  stream  that  crosses  the  southwest  quarter 
of  section  28  and  the  southeast  quarter  of  section  29,  Fairfield 
township,  the  upper  layers  of  the  Maquoketa  outcrop  almost 
continuously  for  a  distance  of  sixty  rods.  The  beds  include 
the  very  fossiliferous  horizon  of  alternating  shale  and  limestone 
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bands.  In  the  eastern  portion  of  the  exposure  the  layers  in- 
cline quite  uniformly  towards  the  east,  almost  with  the  fall 
of  the  stream.  At  a  few  points  they  dip  strongly  towards  the 
north  at  an  angle  varying  from  15  to  35  degrees. 

The  floor  of  the  stream  channel  is  cut  by  numerous  small, 
parallel  joints  that  extend  in  a  nearly  east  and  west  direction. 
These  are  crossed  by  another  series  of  fissures  trending  at  about 
right  angles  to  the  first.  The  joints  are  from  ten  to  fifteen 
inches  apart,  and  were  doubtless  induced  by  the  local  strains 
of  tension  at  the  time  the  deformation  of  the  strata  took  place. 

In  the  west  half  of  the  outcrop  the  layers  are  thrown  into 
numerous  small  folds  such  as  are  developed  in  the  crumpling  of 
shaly  materials  under  the  influence  of  lateral  pressure.  In 
many  places  the  layers  are  inclined  as  much  as  45  degrees. 
At  three  points  along  this  portion  of  the  outcrop,  the  inclined 
Maquoketa  layers  may  be  seen  abutting  against  a  vertical  wall 
of  Niagara  limestone.  The  Niagara  beds  are  not  in  all  cases 
level,  but  their  departure  from  the  horizontal  is  not  great,  nor 
does  it  seem  to  bear  any  relation  to  the  arching  and  dipping  of 
the  adjacent  Maquoketa  layers. 

There  seems  no  doubt  that  at  these  points  the  Maquoketa 
shale  had  suffered  erosion  prior  to  the  deposition  of  the  Nia- 
gara sediments;  that  the  later  materials  occupy  a  channel  of 
erosion  and  are  separated  from  the  Maquoketa  deposits  by  an 
unconformity  of  overlap.  The  elevation  of  the  Upper  Maquo- 
keta layers  here  is  95  feet  higher  than  that  of  the  rocks  of  the 
corresponding  horizon  on  the  border  of  the  Goose  Lake  channel 
near  Preston. 

The  most  westerly  exposure  of  the  Maquoketa  shale  in  the 
south  half  of  the  county  occurs  at  the  western  extremity  of  the 
anticline  referred  to  above,  in  sections  29  and  30  of  Fairfield 
township.  Aneroid  readings  at  both  places  gave  the  elevation 
here  175  feet  above  the  old  plain  at  Preston.  The  layers  are 
best  seen  outcropping  along  the  smaller  affluents  that  flow 
southward  to  the  major  stream  in  this  regioa. 

Near  the  middle  of  the  south  side  of  section  29,  the  Upper 
Maquoketa  beds  appear  in  an  unusual  relation  to  deposits  of 
the  later  Paleozoic  series.    Across  the  north  side  of  section  32 
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the  south  side  of  a  stream  is  bordered  by  a  somewhat  loess 
covered  bluff  of  Niagara  limestone  forty  or  more  feet  in  height. 
The  low  bank  on  the  opposite  side  of  the  stream  is  composed 
of  sandstone  of  the  Des  Moines  stage.  This  sandstone  ledge 
extends  for  a  distance  of  thirty  rods  and  has  a  height  of  eighteen 
to  twenty-five  feet.  On  following  up  the  bed  of  a  lateral 
stream  that  has  cut  through  this  ledge  of  sandstone,  the 
arenaceous  material  soon  gives  place  to  shale,  and  a  thickness 
of  thirty-five  feet  of  the  Maquoketa  beds  may  be  seen  within 
a  distance  of  as  many  rods.  The  phase  exposed  here  repre- 
sents the  upper,  alternating  shale  and  limestone  layers  that 
carry  very  numerous  fossils.  Some  of  the  bands  are  composed 
largely  of  shells  of  a  few  species,  and  similar  fossil  zones  recur 
a  number  of  times.  The  following  forms  were  collected  at  this 
place:  Streptelasma  corniculum,  Orbiculoidea!  sp.,  Stropho- 
mena  inciirvata,  S,  planumbofia,  Strophomena  sp.,  Plectani' 
bonites  sericea^  Leptaena  unicostata,  Rafinesquina  alteniata, 
Orthis  occidentalis,  0.  biforata,  0,  testudinaria,  0.  whitfieldi,  O, 
proavita,  Zygospira  modesta,  Rhynchonella?  anticostiensis, 
Rhynchotrcmn  capax,  Tentacvlitrs  stt  rlh}fj(  iisis,  Byssonychia 
radiata,  Pterinea  deniissa,  Megaptera  sp.,  Modiolopsis  sp., 
Cyrtodonta?  sp.,  Lophospira  sp.,  Liospira  sp.,  Bellerophon  sp., 
Orthoceras  sp.,  Calymene  senaria  and  Isotelus  gigas? 

These  fossils  are  typical  of  the  upper  layers  of  the  Maquo- 
keta beds  in  the  coimties  of  Clinton,  Dubuque,  Clayton,  Fayette, 
Winnes!iiek  and  Howard  wherever  in  those  areas  the  upper 
fossil  if  orous  phase  is  developed.  Professor  Calvin*  has  shown 
that  tliey  are  also  similar  to  the  fossils  of  the  corresponding 
horizon  in  southeastern  Indiana  and  southwestern  Ohio. 

Summary, — Of  the  deposits  of  the  Maquoketa  stage  there  are 
present  in  Jackson  county  only  the  Upper  Maquoketa  beds. 
The  formation  is  argillaceous  with  the  exception  of  twenty  to 
thirty-five  feet  of  the  dolomitic  transition  beds  or  of  fossil- 
iferous,  alternating  shale  and  limestone  bands.  The  total 
thickness  of  the  Maquoketa  beds  in  our  area  does  not  much  ex- 
ceed 100  feet.  The  thickness  of  the  Maquoketa  deposits  in- 
creases towards  the  north,    attaining    its    maximum    in    the 

♦Calvin:  Iowa  Qeol.  Surv.,  Vpl.  VIII,  p  141 
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counties  of  Fayette,  Clayton^and  Winneshiek.  It  then  de- 
creases rapidly  towards  the  northern  border  of  its  extension 
in  the  state.  In  the  southern  portion  of  the  Maquoketa  area 
only  the  Upper  Maquoketa  beds  are  developed.  In  the  ex- 
treme northern  portion  of  its  outcrop,  the  argillaceous  part  of 
the  upper  beds  has  faded  out  and  there  are  represented  only 
the  calcareous,  fossil-bearing  horizon  and  the  transition  beds 
of  the  Upper  Maquoketa,  and  beds  corresponding  with  the 
Lower  Maquoketa  of  Dul)uque  county. 

SIIiUBIAN  STSTEM. 
Niagara  Series. 

The  Niagara  limestone  forms  the  foundation  rocks  upon 
which  is  spread  the  mantle  of  Pleistocene  materials  over  more 
than  five-sixths  of  the  surface  of  Jackson  county.  Its  massive 
courses  may  be  seen  bordering  all  of  the  larger  streams  and 
many  of  the  smaller  water  courses  in  the  region  outside  the 
limits  of  the  Ordovician  deposits.  They  stand  in  precipitous 
ledges  and  steep  escarpments,  more  than  100  feet  in  height, 
at  points  along  Bear  creek  in  Monmouth  township ;  Brush  creek^ 
in  Perry;  in  the  vicinity  of  the  ** caves",  in  the  township  of 
South  Fork;  and  at  a  number  of  other  points  over  the  area 
under  consideration. 

HOPKINTON  STAGE. 

With  the  exception  of  a  deposit  of  limited  extent  in  Brandon 
township,  all  of  the  strata  of  the  Niagara  series  in  our  area 
belong  to  the  subdivision  known  as  the  Ilopkinton  stage.  These 
consist  for  the  most  part  of  very  heavy  layers,  two  to  six  or 
eight  feet  in  thickness,  which  are  but  imperfectly  separated  by 
planes  of  stratification.  They  represent  the  basal  portion 
of  the  Niagara  limestone,  the  horizon  of  Pentamenis  oblongus, 
and  the  Cerionites  and  crinoid  beds  that  immediately  succeed 
the  Pentamerus  layers. 

The  basal  beds  outcrop  in  the  west  bluff  of  the  Mississippi 
river,  almost  continuously,  from  section  1  of  Bellevue  township 
to  the  southeast  corner  of  Union.  They  appear  just  across  the 
river  from  Sabula  in  the  north  part  of  the  town  of  Savanna. 
Thev  may  be  seen  alonjic  the  border  of  the  Maquoketa  shale  in 

*89 
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Van  Buren  and  Fairfield  townships  and  they  are  exposed  in 
the  banks  of  all  of  the  important  streams  that  render  tribute 
to  the  Mississippi  river  in  Jackson  county. 

Typical  Exposures. — A  section  of  the  beds  exposed  in  the 
banks  of  a  small  stream  near  the  middle  of  the  south  side  of 
section  24,  in  Washington  township,  was  given  under  the  dis- 
cussion of  the  Upper  Maquoketa  layers.  At  this  place  there 
is  to  be  seen,  overlying  the  uppermost  zone  of  the  Maquoketa, 
a  bed  of  yellow,  non-fossiliferous  dolomite  which  is  rather  fine- 
grained in  texture  and  is  free  from  chert  nodules.  This  zone 
varies  in  thickness  from  as  low  as  four  or  five  feet  to  as  much 
as  ten  or  twelve.  It  is  generally  present  as  the  basal  member 
of  the  Niagara  limestone.  It  is  probable  that  this  zone  corre- 
sponds with  the  basal  Niagara  beds  of  Calvin,  which  are  better 
developed  in  Dubuque  county. 

Overlying  the  above  member  there  is  quite  uniformly  de- 
veloped a  bed  of  yellow-colored  earthy  dolomite,  in  rather  tliin 
layers,  between  which,  at  intervals  of  a  few  inches  to  one  or 
two  feet,  there  are  intercalated  bands  of  chert.  These  cherty 
beds  have  a  thickness  of  eighteen  or  twenty  feet  and  are  especi- 
ally prominent  in  the  southeastern  part  of  the  county.  They 
are  conspicuous  near  the  middle  portion  of  the  bluff  from 
Sabula  southward  to  Elk  River  Junction,  in  Clinton  county,  and 
they  appear  towards  the  top  of  the  ledge  at  Green  Island. 

In  section  36  of  Washington  township  the  dip  of  the  strata 
brings  this  horizon  down  to  the  level  of  the  flood  plain.  A 
creek  that  flows  eastward  through  sections  2  and  1  of  Iowa 
township,  joining  the  river  in  section  6  of  Union,  shows  no 
Maquoketa  shale  throughout  its  entire  length.  A  quarry  is 
worked  in  the  Niagara  limestone  near  the  northwest  corner  of 
section  1,  and  the  Niagara  layers  are  clearly  exposed  at  the 
level  of  the  water  near  the  middle  of  the  east  half  of  the  same 
section.  In  section  13  of  the  civil  township  of  Union,  an  arch  in 
the  strata  once  more  brings  the  Maquoketa  beds  many  feet 
above  the  water  level.  Along  this  anticline  west  of  Sabula,  the 
Niagara  cliff  recedes  from  the  river  for  a  distance  of  more  than 
two  miles.  South  of  this  line  the  strata  dip  strongly  southward 
so  that  at  the  extreme  southeast    corner    of    the    county,    the 
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Maquoketa  has  generally  disappeared  from  the  bank  of  the 
river,  and  the  Niagara  is  exposed  almost  to  the  level  of  the 
flood  plain.  The  strong  arching  of  the  strata,  and  the  relation 
of  the  cherty  beds  and  the  underlying  even-bedded  zon^  to  the 
upper  layers  of  the  Maquoketa,  are  well  shown  in  the  north 
part  of  the  town  of  Savanna,  in  Illinois. 

Near  the  middle  of  the  southwest  quarter  of  section  30  in 
Union  township,  a  ledge  lias  been  worked  in  the  lower  beds  of 
the  Niagara  exposing  a  quarry  face    twenty    feet    in    height. 


FifiT.  71 -Lowermost,  cherty  beds  of  the  Niagara  limestone  in  a  quarry  in  the 
southwest  quarter  of  section  30,  Union  township 

Bands  of  chert,  two  to  four  inches  in  thickness,  are  conspicuous 
in  the  upper  half  of  the  ledge.  See  figure  71.  The  stone  is 
a  yellowish-l)rown  dolomite,  in  original  layers  six  to  eight  inches 
in  thiekiioss,  which  on  weathering  are  divided  into  bands  one 
to  two  inclies  thick.  Traces  of  a  few  coral  remains  were  found 
at  this  place. 
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In  passing  up  the  hill  that  borders  the  old  Groose  Lake  chan- 
nel, about  one-half  mile  north  of  Preston,  a  thickness  of 
fourteen  feet  of  chert-bearing  layers  is  well  exposed  at  a  hori- 
zon twenty  feet  above  the  outcrop  of  Maquoketa  shale  de- 
scribed above.  The  rock  here  is  a  yellowish-brown,  somewhat 
granular  dolomite,  in  layers  three  to  six  inches  in  thickness. 
Between  these  bands'  there  are  intercalated  seamo  of  chert 
about  equal  in  thickness  to  the  layers  of  limestone.  The  strata 
here  dip  strongly  toward  the  east  and  are  inclined  at  a  lesser 
angle  towards  the  north.  The  layers  carry  no  recognizable 
fossils.  They  represent  the  upper  portion  of  the  cherty  beds. 
.Residual  cherts  are  abundant  on  the  slopes  in  the  roadsides 
and  overlying  the  ledges  in  this  vicinity.  Near  the  crest  of  the 
next  hill,  a  few  rods  further  north,  there  is  an  outcrop  in  which 
the  layers  are  heavy  and  contain  a  large  number  of  small  indi- 
viduals of  Pentamerus  oblongus,  and  several  species  of  corals. 
This  Pentamerus  horizon  is  about  seventy-five  feet  above  the 
top  of  the  Maquoketa  shale  exposure  that  was  seen  at  the  foot 
of  the  hill  about  forty  rods  further  south.  The  dolomite  of  this 
horizon  is  very  granular  and  yields  readily  to  weathering.  In 
the  upper  part  it  is  so  thoroughly  decomposed  that  a  spade  can 
be  easily  pushed  down  into  the  top  of  the  beds. 

The  chert-bearing  beds  are  also  well  exposed  at  the  cross- 
roads near  the  middle  of  section  22  of  Van  Buren  township,  and 
at  a  few  other  points  in  this  vicinity,  at  a  horizon  not  far  above 
the  top  of  the  Maquoketa  shale.  The  character  of  the  materials 
here  is  similar  to  that  of  the  beds  exposed  north  of  Preston. 
The  layers  also  are  strongly  inclined,  but  the  direction  of  dip 
is  different  in  different  parts  of  the  outcrop.  The  cherty  beds 
can  be  seen  again  in  the  hill  near  the  southeast  corner  of  sec- 
tion 27,  in  Fairfield  township,  a  few  feet  above  the  Ma^quoketa 
shale  outcrop  in  the  bed  of  the  stream. 

Along  the  road  crossing  the  north  half  of  section  20  and  the 
east  half  of  19  of  Van  Buren  township,  the  granular  phase  of 
the  dolomite  appears  in  low  cliffs  to  a  height  of  thirty  to  forty 
feet.  The  beds  are  thick  and  do  not  weather  into  distinct 
layers.    They  carry  numerous  corals,  among  which  Halysites 
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catemUatus,  Favosites  favosus  and  Favosites  sp.  are  the  most 
common.  This  coarsely  granular  phase  appears  again  in  sec- 
tion 16  of  the  same  township. 

Over  the  north  half  of  the  county  the  lower  beds  of  the 
Niagara  are  harder  and  more  crystalline  than  in  the  south- 
eastern portion.  They  do  not  yield  readily  to  weathering,  but 
stand  in  precipitous  cliffs  near  the  crests  of  the  hills  that 
bound  the  stream  channels.  In  the  lower  portion  there  is  a 
considerable  amount  of  chert,  above  which,  at  the  horizon  of 
the  somewhat  granular  beds  further  south,  the  layers  are  hard 
and  enduring  and  carry  numerous  corals.  On  weathered  sur- 
faces these  strata  show  rather  thin  layers  in  which  Halysites 
catenulatus,  Favosites  favosus,  Lyellia  americana  and  Syringo- 
pora  sp.  are  not  rare.  The  beds  appear  in  the  east  half  of  sec- 
tion 18  of  Prairie  Spring  township. 

This  horizon  probably  corresponds  with  the  Syringopora 
beds  described  by  Calvin*  in  the  report  on  the  Geology  of 
Dubuque  county.  A  quarry  near  the  northeast  corner  of  the 
southwest  quarter  of  section  20,  Iowa  township,  shows  the 
following  succession  of  layers: 

FBBT. 

7.     Bed  of  decayed,  earthy,  yellow   dolomite,  contaiDins:   much 
chert;  the  beddiDfi:  planes  destroyed  by  the  breaking  down 

of  the  rocks  on  weathering 10 

6.     Ledge  of  yellow  colored  dolomite,  very   cherty,    weathering 

m*o  layers  about  one  inch  in  thickness 3 

5 .     Layer  of  very  chf rty  dolomite 2>^ 

4.     Layer  of  earthy  dolomite,  with  chert 2 

3.     Bed  of  yellow  dolomite  bearing,  near  the  center,  a   band   of 
chert  two  inches  in  thickness.     Weathering  into  thin  layers 

one  to  two   inches   thick 2J^ 

2.     Layer  of  yellow  dolomite,  free  from  chert ]yi 

1.     Yellow  colored,  rather  fine  grained  dolomite,  without  chert, 

in  a  single  layer 2 

The  above  section  is  representative  of  the  basal  beds  of  the 
Niagara  limestone.  The  lower  part  of  No.  1  is  very  close  ,to 
the  top  of  the  Maquoketa  shale.  Numbers  1,  2  and  3  represent 
the  non-cherty,  rather  fine-grained  and  even-bedded  layers  at 
the  very  base  of  the  Niagara.  Numbers  4  to  7  inclusive  repre- 
sent the  chert  bearing  layers  which  lie  a  few  feet  above  the 
MaonoVpfa. 

H^alvin  and  Bain:  Iowa  Qeo\.  Surv.,  Vol.  X,  pp.  416  and  447. 
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The  above  outcrop  is  along  the  line  of  the  anticline  that  ex- 
tends westward  from  Salwla,  which  accounts  for  the  lower- 
most Niagara  beds  being  brought  to  the  surface  at  this  point: 

Near  the  southeast  corner  of  section  10,  Butler  township,  a 
quarry  has  been  opened  in  a  hill  on  the  north  side  of  the  wagon 
road,  showing  a  vertical  face  tliirty  feet  in  height.  The  material 
is  a  yellow,  non-fossiliferous  dolomite.  In  the  upper  half  of 
the  exposure  the  layers  are  from  three  to  six  or  eight  inches  in 
thickness.  Lower  down  they  thicken  to  as  much  as  eightewi  to 
twenty-four  inches.  Cherty  materials  form  conspicuous  bands 
between  the  layers.  It  seems  probable  that  the  beds  here  ex- 
posed correspond  with  the  cherty  i)li!ise  encountered  in  the 
southeastern  portion  of  Jackson  county. 

A  short  distance  east  of  the  middle  of  section  21,  Otter  Creek 
township,  a  small  quarry  has  been  oi)erated  in  layers  which 
contain  Haly sites  catcnulatus,  Farositcs  favosus,  F,  hisingeri^ 
LyeUia  americana  and  Syringopora  sp.  Near  the  top  of  the 
bluff  not  far  from  the  middle  of  the  east  side  of  section  19, 
Tete  des  Morts  township,  there  were  found  among  the  residual 
cherts  Plasmoponi  follis.  Alveolites  undosiis,  Heliolites  inter- 
'Stinctus,  II.  megastomus,  Stromhodes  pentagonus,  Halysite^ 
catenulatus,  Favosites  favosus,  F.  niagarensis  and  Orthis 
flabelluluni. 

Near  the  middle  of  section  32,  Richland  township,  ledges  of 
Niagara  limestone  twenty  to  fifty  feet  in  height,  bound  the 
channel  of  Farmers  creek.  These  beds  contain  the  corals  Haly- 
sites  eaten  ulat us ^  Favosites  favosus,  F,  niagarensis,  Lyellia 
americana  and  a  species  of  Syringopora.  This  coral  zone  is 
quite  generally  present  at  a  horizon  a  few  feet  above  the  cherty 
phase  of  the  lower  Niagara  beds.  It  doubtless  corresponds 
with  the  Syringopora  tenella  beds  of  the  Dubuque  county  re- 
port. 

Along  a  ravine  near  the  southeast  corner  of  section  30,  in 
Richland  township,  numerous  corals  are  found  among  the  chert 
fragments  and  residual  materials.  Among  these  the  following 
are  abundant:  Halysites  catenulatus,  Favosites  favosxis,  F, 
hisingeri,  F.  niagarensiSy  Lyellia  americana,  Heliolites  inter- 
stinctus,  Cannapora    annulata,    Syringopora     sp.,    Ampleocus 
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shumardi,  Strombodes  sp.  and  Cystiphyllum  niagarense.  There 
seems  no  doubt  that  these  corals  came  from  the  horizon  of 
Syringopora  tenella.  This  coral  zone  in  our  area  varies  in 
thickness  from  twenty  to  thirty  feet.  It  occurs  above  the  cherty 
phase  and  underlies  the  horizon  of  Pentamerus  ohlongus. 

The  Pentamerus  ohlongus  beds  consist  of  massive  dolomite 
layers  which  are  pre-eminently  the  cliff-forming  ledges  of  the 
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Niagara  limestone  in  the  county.  The  large  lime  works  in  our 
area  quarry  the  upper  portion  of  the  Pentamerus  horizon  and 
the  overlying  beds  containing  crinoids  and  Cerionites  dacty- 
lioides.  Below  is  given  a  section  of  Hurst's  lime  quarry  east 
of  the  river,  at  Hurstville. 


FBBT. 


3.  Ledge  of  somewhat  decayed,  yellowish-brown  dolomite, 
weathered  into  layers  from  a  few  inches  to  three  or  four 
feet  thick;  coDtaiDing  Cerionites,  ciinoids  and  Pentamerus 
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FBBT. 

2.  Massive  ledge  of  yellow  dolomite,  imperfectly  separated  into 
layers  six  to  eight  feet  ia  thickness,  which  contaio  criooids 
and  Halysites  and  f'avosites  besides  namerous  iodividuals 
of  Pentamerus 30 

1.     Ledge  of  buff  colored  dolomite  crowded   with    rather   small 

individaals  of  Pentamerus  oblongus  8 

The  above  ledge  outcrops  along  the  river  for  a  distance  of 
twenty-five  rods.  The  entire  thickness  is  used  for  lime  burning. 
Below  the  first  member  of  the  section  there  occurs  a  heavy 
ledge,  ten  or  twelve  feet  in  thickness,  which  contains  chert  in 
considerable  quantities  making  it  unsuited  for  manufacture 
into  lime.  In  the  old  quarry  on  the  west  side  of  the  river  there 
may  be  seen  practically  the  same  succession  of  beds  as  in  the 
section  given.  The  following  fossils  were  collected  from  this 
quarry  zone  at  Hurstville.  Cerionites  dactylioides,  Halysites 
catenulatus,  Favosites  favosus,  Syringopora  sp.,  Zaphrentis 
stokesi,  Caryocrinus  ornatus,  Culicocrinus  sp.,  Pentamerus  o6- 
longus,  P.  pergibbosus,  P.  maquoketa,  Meristina  7iitida,  Atrypa 
reticularis,  8 pirifer  radiatus,  Bucania  chicagoensis,  Pleuroto- 
maria  occidens,  Mandaloceras  sp.,  and  the  form  described  by 
Whitfield  as  Discoccra-s  conoideus. 

The  lime  quarry  of  0.  W.  Joiner,  located  near  the  middle  of 
the  south  side  of  section  20,  South  Fork  township,  is  operated 
in  beds  which  correspond  with  those  at  Hurst's  quarry.  From 
the  upper  half  of  Joiner's  quarry  there  were  collected  Cerionites 
dactylioides,  Halysites  catenulatus,  Favosites  favosus,  F.  hisin- 
geri,  casts  of  Zaphrentis  sp.  and  Lyellia  sp.,  Culicocrinus  sp., 
Melocrinus  sp.,  Stropheodoiita  sp.,  Orthis  biforata,  Pentamerus 
pergibbosus,  P.  maquoketa,  Stricklandiuia  castellana,  Meristina 
sp.  and  fragments  of  a  small  species  of  Orthoceras.  From  the 
lower  portion  of  Joiner's  quarry  the  following  were  taken: 
Cerionites  dactylioides,  Favosites  favosus,  Zaphrentis  sp.,  Melo- 
crinus vi'rneulli,  Culicocrinus  sp.,  Leptaena  rhomboidalis,  Orthis 
biforata,  Pentamerus  oblongus,  Stricklandinia  castellana, 
Amphicoelia  leidyi,  Bucania  chicagoensis,  Platystoma  niagaren- 
sis,  Discoceras  conoideus  and  Illaenus  imperator. 

The  beds  represented  in  this  quarry  exposure  are  present  in 
the  bluflFs  that  border  the  streams  in  all  of  this  portion  of  the 
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county.  These  rocks  form  the  rampart  that  more  or  less  con- 
tinuously bounds  the  South  Fork  of  the  Maquoketa  river.  They 
appear  in  the  weathered  towers  along  Bear  creek  in  the 
vicinity  of  Mill  Rock.  They  stand  in  steep  escarpments  at  the 
^'caves''  in  South  Fork  township,  and  along  Brush  creek  in  sec- 
tion 14  of  Perry.  In  short,  wherever  in  the  county  very  pro- 
minent cliffs  are  formed  by  Niagara  ledges  alone,  the  presence 
of  the  beds  of  this  horizon  mav  be  looked  for  with  confidence. 


S* '"iv:*^  ' ' 


^^y^^'^^ 


"l>^K^H*»^i^ 


--^*ff^ 


Piff.  73-Lime  quarry  working:  the  Pentamerus  horizon  of  the  Niagrara  lim  >- 
stone,  section  20,  South  Porlc  township 

In  the  quarry  of  the  Keystone  Lime  Company,  near  the 
middle  of  the  west  half  of  section  32,  Monmouth  township,  the 
ledges  worked  embrace  the  above  mentioned  beds  and  include 
a  layer  of  Pentamerus  limestone,  eight  feet  in  thickness,  which 
occurs  below  number  1  of  the  Hurst  quarry  section.  In  this 
quarry  a  thickness  of  forty  feet  of  Pentamerus  beds  has  former- 
ly been  exploited  below  the  base  of  the  layers  now  worked. 
These  lower  beds,  however,  contain  too  much  chert  to  be  prof- 
itably used  for  lime  burning.      They  are  largely  composed  of 
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casts  and  moulds  of  very  large  individuals  of  Pentamerus  oh- 
longus,  many  of  which  can  be  broken  from  the  matrix  in  an  al- 
most perfect  condition.  From  calculations  based  on  the  log  of 
two  wells  put  down  in  the  vicinity  of  this  quarry,  Mr.  L.  B. 
Stewart  estimates  a  thickness  of  sixty  feet  of  Pentamerus-bear- 
ing  rocks  in  Monmouth  townships  and  about  ninety  feet  of 
Niagara  limestone  below  tlie  Pentamerus  ohlonflus  beds.  This 
thickness  seems  to  be  a  little  greater  than  that  of  the  corre- 
sponding beds  in  the  eastern  portion  of  the  county. 


-Ate^. 
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Fifir-  74— Lime  quarry  in  section  32  of  Monmouth  township. 

Besides  the  fossils  generally  found  in  the  rocks  of  this  hori- 
zon there  were  taken  from  the  Keystone  quarry  EuomphaliAS 
tricannatiis  Calvin,  E.  hicarinatus  Calvin,  OrtJioceras  crebres- 
cms  TIall,  and  Illnenits  imperator  Hall. 

Ahovo  the  !  orizon  of  Cerionites  there  occur,  in  Brandon 
township,  some  few  feet  of  massive  dolomite  layers  which  con- 
tain nuitr  a  innnlnu-  of  the  more  common  species    of    Niagara 
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corals.  This  zone  is  developed  only  over  limited  areas  in  the 
northwest  portion  of  Jackson  county.  At  a  few  points  in  sec- 
tions 9  and  10  of  Brandon  township  it  is  overlain  by  the  even- 
bedded  quarry-stone  layers  of  the  Gower  stage. 

GUWER  STAGE. 

The  rocks  of  the  Gower  stage  in  our  area  consist  of  even- 
bedded  layers  of  yellow  dolomite,  without  fossils.  They  out- 
crop at  only  a  few  points  in  sections  9  and  10  of  Brandon  town- 
ship. 


Fiff.75— BuildlDff  stone  quarry  of  the  Gower  sta^e;  near  the  southwest  cor- 
ner of  section  10,  Brandon  township. 

A  (juarry  on  land  owned  by  Mr.  John  Archibald,  in  the  south 
bank  of  the  North  Fork  of  the  Maquoketa  river  near  the  middle 
of  the  east  side  of  section  9,  has  furnished  considerable  stone 
for  local  purposes.  The  section  of  the  layers  here  exposed  is 
given  below: 


Bed  compoied  of  thin  layers  of  yellow  magDesiao  limestone, 
two  to  fcur  inches  in  thickness,  much  weathered 
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FBBT. 

2.  Yellow,  rather  fioe-grained  dolomite,  in  resralar  layers   two 

to  twelve  inches  in  thickness,  showing^  numerous  fine  lines 
of  lamination 8 

1.  Layers  of  yellow  dolomite,  eitsht  to  eighteen  inches  in  thick- 

ness, finely  laminated  and  splitting  readily  aloag  the   lam- 
ination planes 9^ 

The  stone  here  is  easily  quarried  and  resembles  the  Anamosa 
type  of  stone  found  in  Jones  county.  In  its  even  bedding,  finely 
laminated  character,  and  it  finely  granular  texture  it  differs 
very  markedly  from  the  quarry  stone  of  the  Hopkinton  stage. 

Near  the  southeast  comer  of  section  9,  a  quarry  on  land  be- 
lonsrincr  to  Mrs.  P.  J.  Kads  shows  the  even  character  of  the 
layers  in  this  horizon.  (See  figure  75.)  The  section  of  the 
quarry  is  as  follows: 

FBKT. 

3.  Bed  of  wjathered  and  broken,  finely  laminated  layers  of  yel- 

low dolomite,  one  to  three  inches  in   thickness 4 

2.  Even,  fine-grained   finely  laminated    layers,    from    two    to 

eii^ht  or  ten  inches  in  thickness 10 

1.  Three  layers  ef  yellowish- grav,  laminated  stone   respectively 

14,  10  and  16  inches  in  thickness 3yi 

The  stone  here  is  of  excellent  quality,  and  is  readily  access- 
ible. It  occurs  at  a  horizon  a  short  distance  above  that  ex- 
posed in  the  quarry  of  J.  W.  McCul lough,  about  one-half  mile 
further  west.  At  the  latter  place  the  following  beds  may  be 
seen  below  the  surficial  materials: 

FBBT. 

3.  Layer  of  hard,  yellowish-gray  dolomite 1^ 

2.  Ledge  of  even-bedded  finelv   laminated    dolomite    in   layers 

two'  to  four  inches  in  thickness 6 

I.     Bed  composed  of  layers  six  to  twenty   inches   in    thickness, 

fine-grained  and  finely  laminated 7% 

This  stone  weathers  into  thin  pieces  where  long  exposed  in 
contact  with  the  ground,  but  it  proves  durable  when  laid  in  a 
wall.  Tt  can  be  quarried  easily  and  dressed  readily  into  elegant 
blocks  of  any  dimensions  desired.  The  layers  in  this  quarry  have 
furnished  flagstones  8  x  12  feet  x  14  inches  and  supplied  excel- 
lent blocks  for  caps,  sills,  and  water  tables.  A  large  proportion  of 
the  stone  used  in  the  western  portion  of  the  county  comes  from 
the  above  mentioned  quarries  in  the  Gower  limestone.  A  thick- 
ness of  seventy  to  ninety  feet  of  deposits  of  the  Ho]f)kinton  stage 
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intervenes  between  the  horizon  represented  in  these  quarries 
and  the  bed  of  the  North  Fork  of  the  Maquoketa  river. 


FifiT    76-  Quarry    stone   ol    Gower    type  which  supplies  buildincr   stone  to   i 
iargre  portion  of  Butler  townbhip. 

DEVONIAN  SYSTEM.  P 

No  outcrop  of  rocks  of  undoubted  Devonian  age  was  seen  in 
Jackson  county.  A  bed  of  sandstone  and  shale  which  is  ox- 
I)osod  in  the  wagon  road  near  the  middle  of  section  18  in  Bran- 
don township,  about  one-half  mile  north  of  the  Village  of  Can- 
ton, has  been  tentatively  referred  to  this  system. 

The  sandstone  showed  beautiful  ripple  marks  and  contained 
impressions  of  plant  remains.  No  fossils  could  be  found  in  the 
shales  as  at  present  exposed.  Professor  Norton,*  who  studied 
the  outcrop  when  the  beds  were  better  exposed  than  at  present, 
writes  as  follows  concerning  this  deposit: 

**A  yt'llowish-gray  sandstone  outcrops  about  half  a  mile 
north  of  Canton  in  Jackson  county.  It  occupies  a  narrow  shelf 
in  the  Upper  Silurian  limestone,  sixty  feet  above  the  present 
flood  plain  of  the  Maquoketa  river,  and  extends  east  and  west 

•Norton:  Iowa  Geolocrical  Survey.  Vol.  Ill,  pp.  182-12S. 
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along  the  south  slope  of  the  hill  a  distance  of  about  eighteen 
rods.    The  total  thickness  as  defined  by  outcrops  of  the  Upper 
Silurian  both  above  and  below  it,  cannot  be  over  twelve  feet. 
As  shown  in  a  well  on  the  crest  of  the  hill  the  limestone  there 
rises  between  twenty  and  thirty  feet  higher  than  the  sandstone. 
The  latter,  which  occurs  in  a  field  in  scattered  bowlders  and 
with  one  or  two  ledges  a  foot  or  more  high,  presents  nothing  to 
differentiate  it  from  perhaps  a  dozen  or  more  other  outliers  of 
sandstone  in  northeastern  Iowa.     Fortunately,  however,  at  the 
western  end  of  the  outcrop  on  the  brow  of  a  hill,  a  road  crosses 
it,  displaying  a  very  interesting  section.     On  the  west  side  of 
the  road  there  are   noticeable   some   small,  badly  weathered 
bowlders  of  brecciated  limestone,  which,  in  the  structural  and 
lithological  characteristics  of  both  fragments  and  matrix  are 
indistinguishable  from  the    lower    i)ortions    of    the    Fayette 
breccia  of  the  Devonian.     Three  of  these  bowlders  were  found 
and  a  half  dozen  rudely  oval   nodules  of  quartz  with  pitted 
surfaces,  the  latter  peculiarly  characteristic  of  the  Kenwood 
shale,  which  in  Linn  county  lies  beneath  the  Fayette  breccia. 
On  the  same  side  of  the  road  the  sandstone  is  exposed  in  a 
small  gully  for  a  distance  of  nearly  two  rods.     Above  this  lies 
a  stiff  gray  or    greenish     unctuous    clay,     in     places    highly 
arenaceous,  in  others  nearly  free  from  sand.     It  extends  five 
rods  up  the  hill.     This  clay  had  been  scraped  clean  in  work- 
ing the  road  and  the  surface  was  substantially  free  from  foreign 
material.     On  the  weathered  surface  of  the  clay,  fragments  of 
silicified  fossils  are  quite  plentiful.  They  comprise  Acervidaria 
davidsoni^  Atrtjpa    reticidaris,    Orthis    ioivensis,  ^  a    Stropheo- 
donta,  several  species  of  Spirifers,  one  indistinguishable  from 
fragments  of  a  Spirifer  at  Bertram.     Specially  numerous  were 
the  rostral  portions  of  the  ventral  valve  of  Cyrtina  umbonata 
Hall,  their  preservation  being  due  to  the  fact  that  this  portion 
of  the  shell  is  strengthened  by  the  cardinal  area  and  mesial 
septum.     Still  more  abundant     were     fragments     of     siniple 
rugose  corals  and  of  favositids. 

The  occurrence  of  these  remnants  of  Devonian  beds  of  con- 
siderable thickness  thirty  miles  east  of  their  nearest  outcrops 
was  entirely  unexpected.    With  the  exception  of  the  outliers 
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above  described,  viz.  Bertram,  Lisbon  and  on  Clear  creek  in 
Cedar  county,  no  Devonian  outliers  had  previously  been  known 
in  the  state  and  none  had  been  found  in  this  region  resting  on 
the  rocks  of  an  earlier  geological  age.  It  therefore  becomes 
necessary  to  consider  and,  if  possible,  to  disprove  every  other 
working  hypothesis  of  the  presence  of  these  Devonian  fossils 
and  bowlders  at  Canton.  Any  suggestion  of  a  fortuitous  ming- 
ling of  Devonian  drift  from  northwestern  outcrops  with  the 
sandstone  and  clay  of  a  Carboniferous  outlier  was  seen  to  be 
quite  untenable.  The  fragments  of  fossils  were  siliceous,  speci- 
fically identical  with  forms  from  the  Devonian  sandstone  at 
Bertram.  The  distribution  of  Devonian  rocks  and  fossils  was 
exactly  conterminous  with  the  outcrop  of  sandstone  and  clay 
on  the  west  side  of  the  road,  being  found  along  its  entire  extent 
and  entirely  absent  both  above  and  below.  Further,  this  out- 
lier is  s;tu:it^»d  near  the  margin  of  the  driftless  area.  The 
drift  here  is  thin  and  inconstant,  forming  a  thin,  pebbly  layer 
resting  on  geest  or  intermingling  with  it.  No  drift  appears 
along  the  outcrop  of  the  sandstone  and  clay,  but  seven  rods 
farther  up  the  hill  the  rotten  Upper  Silurian  limestone  is  over- 
lain by  a  foot  of  residuary  chert  and  clay  mixed  with  pebbles  of 
the  northern  drift.  The  bowlders  of  Devonian  limestone  and 
breccia  show  no  indication  of  transportation  by  water  or  ice. 
Fossils  pnd  breccia  fragments  are  in  relief.  The  surfaces  are 
irregular  and  pitted.  The  quartz  nodules  retain  their  original 
form  and  their  surfaces  are  vesicular  from  the  dissolution  of 
associated  calcite. 

To  be  doubly  sure  of  the  relation  of  the  fossils,  breccia 
bowlders  and  quartz  nodules  to  the  clay  and  sandstone,  a  hole 
was  dug  in  the  undisturbed  bank  by  the  roadside,  giving  the 
following  section : 

FBBT. 

3.     Soil  passings  below  into  clay ^ 

2.     Clay,  stiff,  reddish-browo,  fre«  from  pebbles  (passing  below 

into  oumber  1) l 

1.     Clay,  stiff,  greenish  gray,  sandy,  noa-calcareoas,    contain- 
ing silicified  fragments  of  Devonian  fossils. ...   1^ 

The  fossiliferous  clay  overlies  a  sandstone,  which  in  turn 
rests  upon  a  clay,  as  shown  by  the  fact  that  a  few  years  since 
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an  excavation  was  made  in  the  middle  of  the  road,  and  fire-clay 
was  found  to  extend  to  a  depth  of  six  feet.  The  intimate 
association  of  clay  and  sandstone  is  shown  by  the  following  sec- 
tion on  the  east  side  of  the  road,  where  the  bank  is  six  feet 
higher  than  on  the  western : 

FEET.     INCHES. 

6.     Soil,  passing  into  Iocs*; I 

5.     Loess,  fine,  buff  loam,  rattier  stiff,  with  the  lower   inch 

a  transition  in  color  and  texture  into   number  4 3 

4.     Clay,  fine,  white,  unctuous,  with  rounded  fragments  of 

sandstone 4 

3.     Clay,  light  brown,  resembling  fire  clay 2 

2.     Clay,  light-red,  as  above,    with    fragments  of    reddish 

sandstone 1  4 

1.     Clay,  white,  as  above  1 

On  the  same  side  of  the  road  no  Devonian  limestone  or 
fossils  were  found.  The  width  of  the  outcrop  is  the  same  on 
both  sides. 

The  little  deposit  of  foreign  rock  on  the  brow  of  the  Canton 
hill  is  full  of  meaning.  Hitherto  there. has  been  no  evidence 
that  the  Devonian  sea  ever  trangressed  the  present  western 
boundary  of  the  Upper  Silurian  in  Iowa.  This  outcrop  affords 
proof  that  the  ancient  shore  line  must  n^ve  extended  at  least 
ac  far  east  as  Canton.  It  hardly  can  represent  rocks  deposited 
in  some  shallow  estuary,  connected  with  the  Devoni^iD  ocean  to 
the  west.  More  probably  it  represents  one  or  more  distinct 
beds  of  the  Devonian  series  elsewhere  of  considerable  thickness 
and  deposited  under  oceanic  conditions.  Quartz  nodules  are 
common  only  in  the  Kenwood  shales,  though  one  is  sometimes 
found  in  the  Fayette  breccia.  The  hard  drab  limestone  with 
conchoidal  fracture  which  forms  the  fragments  of  the  Canton 
breccia  characterizes  a  definite  horizon  of  Lower  Devonian 
from  Davenport  to  Fayette.  It  lies  above  the  Kenwood  shales 
of  Linn  county  and,  where  its  beds  are  disturbed,  forms  the 
lower  portion  of  the  Fayette  breccia.  It  demands  oceanic  con- 
ditions for  deposition  and  probably  for  brecciation.  The 
fossils,  if  unassociated  with  sandstone  and  clay,  would  be  re- 
ferred to  no  horizon  lower  than  the  coralline  beds  above  the 
breccia.     The  sandstone  and  clay  are    of    doubtful     position. 
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They  may  be  the  Montpelier,  or  they  may  be  related  to  the 
arenaceous  material  sometimes  fomid  associated  with  the  mat- 
rix of  the  Fayette  breccia. 

It  seems,  therefore,  highly  probable  that  the  strata  of  the 
Lower  Devonian,  and  perhaps  some  of  the  Upper  Devonian 
were  laid  down  as  far  east  as  the  western  part  of  Jackson 
county  and  have  since  been  removed  by  secular  decay  and 
erosion.  It  is  a  mere  accident  that  in  one  place,  at  least,  their 
remains  were  preserved  from  the  ice  invasions  on  the  lee  of  a 
hill  of  obdurate  Upper  Silurian  dolomite,  at  the  margin  of  the 
driftless  area.^* 

In  the  above  discussion  Professor  Norton  presents  a  possible 
interpretation  of  the  presence  of  the  Devonian  fossils  and  of 
the  fragments  of  Devonian  limestone  far  to  the  east  of  their 
normal  area  of  outcrop.  There  are  a  few  Devonian  corals  in 
the  Museum  of  the  Iowa  Geological  Survey,  at  Des  Moines, 
which  were  collected  by  Mr.  Lonsdale  and  bear  the  locality 
label  ** One-half  mile  north  of  Canton,  Jackson  county."  These 
were  doubtless  taken  from  the  deposit  described  by  Professor 
Norton.  LTnfortunately  the  rocks  at  this  place  can  be  studied 
at  present  over  but  a  very  small  area  and  they  are  at  best  very 
imperfectly  exposed.  No  fossils  could  be  found  at  the  time 
of  the  writer's  visit.  The  sandstone  and  shale  do  not  differ 
in  any  appreciable  way  from  those  seen  in  outcrops  that  are 
unhesitatingly  referred  to  the  Des  Moines  stage.  Professor 
Norton  has  also  stated  a  great  difficulty  in  this  connection  in 
that  these  Devonian  corals  and  other  fossils  do  not  normally 
occur  associated  with  such  beds  of  sandstone  and  shale.  Inas- 
much as  Professor  Norton  studied  this  deposit  under  much 
more  favorable  conditions  of  exposure  than  the  writer,  it 
seemerl  best  to  give  the  interpretation  of  the  facts  as  he  pre- 
sented them. 

CAKBONIFEROUS  SYSTEM. 
Upper  Carboniferous  or  Pennsylvanian  Series. 

DES  MOINES  STAGE. 

A  number  of  outliers  of  Des  Moines  sandstone  and  shale 
occur  within  the  borders  of  Jackson  county.  Individually  they 
are  of  but  a  few  acres  in  extent,  and  generally  are  of  no  great 
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vertical  thickness.  One  of  the  largest  sandstone  beds  is  found 
in  sections  31,  32  and  33  of  Monmouth  township,  about  three 
miles  south  of  the  town  of  Monmouth.  This  outlier  was  first 
described  l)y  Professor  Herbert  Osborn,*  and  later  by  Pro- 
fessor Norton,  f 

The  ledge  extends  interruptedly  for  a  distance  of  more  than 
two  miles,  in  a  northeast-southwest  direction.  It  lies  in  the 
form  of  a  crescent  somewhat  parallel  with  the  course  of  Bear 
creek,  and  only  a  short  distance  south  of  that  stream.  It 
occupies  a  pre-Carboniferous  valley  eroded  in  the  Niagara  lime- 
stone. This  depression  has  a  width  of  fifteen  to  twenty  rods 
and  a  depth  below  the  tops  of  adjacent  Niagara  ledges  of  fifty 
or  more  feet. 

On  the  west  side  of  the  wagon  road,  near  the  southeast  cor- 
ner of  section  31,  a  thickness  of  thirty  feet  of  sandstone  is  ex- 
posed. The  ledge  consists  of  hard  layers,  one  to  four  feet  in 
thickness,  which  in  places  appear  massive  and  show  very  dis- 
tinct cross-bedded  structure.  In  the  corresponding  bank  that 
borders  this  small  stream  on  the  west  there  outcrops  nearly 
lis  great  a  thickness  of  the  sandstone.  At  the  bottom  of  the 
Des  Moines  ledge  at  this  place  the  sandstone  merges  into  a 
coarse,  ])ebbly  conglomerate  which  is  eight  to  twelve  inches  or 
more  in  thickness.  The  pebbles  are  mostly  rounded  nodules 
of  chert  which  vary  from  one  to  three  and  one-half  inches  in 
diameter.  They  were  probably  derived  from  the  decay  of  the 
Niagara  ledges  during  the  long  interval  of  pre-Carboniferous 
erosion.  Such  a  pebbly  conglomerate  at  the  base  of  the  deposits 
of  the  Des  Moines  stage  has  been  found  at  other  points  in  Iowa, 
and  it  is  very  commonly  encountered  at  that  horizon  further 
east  and  south  in  the  state  of  Illinois. 

The  waters  of  Bear  creek  have  cut  out  this  sandstone  ledge 
from  the  west  half  of  section  33,  but  near  the  middle  of  the 
north  half  of  this  section  the  north  end  of  the  outlier  is  well 
exposed.  The  stone  is  iron-stained  and  the  layers  are  hard 
and  enduring.  They  have  been  quarried  at  a  number  of  points 
for  local  use.     Where  the  ledge  is  crossed  by  a  small  stream,  the 

•Osborn:  Proc  Iowa  Acad.  Sci..  Volume  I,  Part  2«  p.  115. 
tNorton:  Iowa  Geol.  Survey,  Vol.  III.  pp.  128-180. 
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thickness  iu  about  twenty  feet.  The  basal  conglomerate  does 
not  appear  at  this  place.  There  are  few  fossils  to  be  seen,  and 
no  shale  is  found  associated  with  the  sandstone  layers  in  this 
deposit. 

In  the  northwest  quarter  of  section  17,  Brandon  township, 
there  outcrops  a  ledge  of  sandstone  overlain  by  a  bed  of  plastic 
shale,  both  of  which  were  thought  to  belong  to  the  Des  Moines 
stage.  The  exposure  is  in  a  ravine,  on  land  owned  by  Mr. 
Charles  Ross.  The  shale  is  two  and  one-half  to  three  feet  in 
thickness  and  is  quite  plastic.  Some  of  this  material  was  made 
into  brick  by  Mr.  Lyman  Parsliall,  of  Canton,  and  was  used  in 
constructing  an  arch  for  a  charcoal  oven.  The  brick  endured 
the  heat  of  burning  the  charcoal  in  this  oven  for  a  period  of 
fifteen  years.  This  outlier  is  less  than  one-half  mile  north  and 
three-fourths  of  a  mile  east  of  the  sandstone  and  shale  exposure 
which  Professor  Norton  referred  to  the  Devonian  system.  It 
is  possible  that  these  beds  also  represent  Devonian  deposits, 
but  there  were  found  no  fossils  to  indicate  the  age,  and,  since 
the  lithological  characters  of  the  materials  resemble  those  of 
the  Des  Moines  stage  rather  than  the  Devonian,  the  beds  are 
considered  as  belonging  to  the  Carboniferous  system. 

In  the  southeast  quarter  of  section  9  of  Brandon  township, 
there  may  be  seen,  in  the  roadway,  near  the  top  of  the  hill  on 
the  south  side  of  the  river,  a  low  ledge  of  Des  Moines  sandstone. 
On  turning  east  into  the  lane  leading  from  the  main  road  to  the 
house  of  Mrs.  P.  J.  Eads,  a  thickness  of  five  feet  of  sandstone 
is  passed  over.  At  this  place  the  sandstone  occupies  a  de- 
pression in  the  quarry  stone  beds  of  the  Gower  stage.  This  out- 
lier of  sandstone  is  about  one-fourth  of  a  mile  north,  and  one 
and  three-fourths  mile  east  of  the  last  exposure  mentioned 
above.  It  is  about  on  a  line  with  that  deposit  and  with  the 
sandstone  and  shale  outlier  one-half  mile  north  of  Canton,  as 
will  be  seen  by  referring  to  the  Geological  map  of  Jackson 
county  accompanying  this  rei)ort. 

Near  the  southeast  corner  of  section  13,  Maquoketa  township, 
a  very  pretty  Carboniferous  outlier  is  exposed  in  the 'slopes  on 
both  sides  of  a  stream  that  crosses  the  wagon  road  along  the 
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east  line  of  this  section.  A  thickness  of  fifty  feet  of  reddish - 
brown,  coarse-grained  sandstone  outcrops  below  the  mantle  of 
Pleistocene  materials.  On  following  down  this  stream,  towards 
the  west,  there  appear  reddish  colored  sandstone  layers  alter- 
nating with  beds  of  gray  or  drab  colored  shale.  The  base  of 
the  outlier  may  be  seen  resting  on  a  ledge  of  Niagara  limestone. 
The  total  thickness  of  the  shales  and  sandstones-  in  this  outcro]) 
exceeds  seventy  feet. 

About  one  mile  south  of  the  latter  exposure  the  following 
layers  outcrop  along  the  north  bank  of  a  stream  and  in  the 
wagon  road,  in  the  southwest  quarter  of  section  19  of  Fairfield 
township  and  the  east-central  portion  of  section  24  of  Maquo- 
keta: 

FBBT. 

9.     Bed  of  Rray  sandstone,  much  decayed 6 

8.     Purplish  colored,  dry,  fissile  shale iH 

7.     Reddish  gray  sandstone 2 

6.     Bluish  colored  shale 1 

5.     Sandstone   3 

4.     Band  of  slate  colored,  dry  shale,  breaking    into    thin    bits    on 

weathering .     3i 

3.     Bed  of  iron-stained,  coarse-grained  sandstone,  in  layers  one  to 

three  inches  in  thickness 20 

2.     Drab   colored  to  black  shale 3 

1.     Brown,  coarse-grained  sandstone  in    uneven    layers    eight    to 

eighteen  inches  in  thickness 3^ 

Another  small  outlier  of  sandstone  and  shale  occurs  along 
the  middle  of  the  west  half  of  section  17  and  near  the  center  of 
the  east  side  of  section  18  in  Fairfield  township.  Beds  of 
ferruginous  sandstone  have  been  quarried  at  two  or  three  dif- 
ferent points  along  the  channel  of  a  stream  in  the  northeast 
quarter  of  section  29  of  the  same  township. 

Across  the  north  end  of  section  32  of  Fairfield  township,  a 
ledge  of  Des  Moines  sandstone  borders  the  channel  of  a  stream, 
on  the  north,  for  a  distance  of  several  rods  and  to  a  maximum 
height  of  twenty-five  feet.  (See  figure  77.)  This  bed  of  sand- 
stone is  rather  coarse-grained  in  texture  and  is  stained  a  red- 
dish or  yellowish  brown  by  the  presence  of  iron  oxide.  It  is 
rather  massive,  showing  imperfect  planes  of  stratification  at 
intervals  of  from  six  inches  to  two    feet.     This    bed    of    Des 
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Moines  sandstone  rests  upon  and  abuts  against  a  bank  of 
Maquoketa  shale.  Where  small  lateral  streams  have  cut 
through  the  ledge  it  has  a  width  of  eight  to  ten  rods.  At  the 
same  level  a  bed  of  Niagara  limestone  forms  the  south  bank 
of  the  creek  and  faces  the  sandstone  ledge  across  the  stream.. 
This  sandstone  outlier,  like  most  of  the  others  above  described, 
occupies  a  trough  that  was  carved  by  the  waters  of  some  pre- 
Carboniferous  stream.  The  materials  were  thus  protected 
from  complete  denudation  by  the  sides  of  the  trough,  between 
which  they  lie. 


FifiT*  77— Ledsre  of  Dee  Moines  sandstone  abutting  asrainst  a  wall  of  Maquoketa 

shale  and  facins:  a  bluff  of  Niacrara  limestone,  twenty  rods  distant  acroas 

a  stream     Section  32,  Fairfield  township 

Another  small  outlier  of  sandstone  was  encountered  in  the 
northwest  quarter  of  section  15  of  Maquoketa  township,  and 
>till  another  ledge  of  sandstone  material  was  found  in  Perry 
township,  about  three  miles  north  of  the  town  of  Andrew. 

A  Carboniferous  outlier  was  reported  to  occur  in  the  south- 
east quarter  of  section  4  in  Maquoketa  township,  but  this  de- 
posit was  not  seen. 

The  presence  of  these  Carboniferous  outliers,  many  of  them 
occupying  old  erosion    channels    in    the    Niagara    limestone, 
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testifies  to  a  number  of  oscillations  in  the  relative  level  of  the 
sea  and  land.  After  the  deposition  of  the  Niagara  beds  the 
region  which  now  embraces  Jackson  county  was  elevated  above 
the  sea.  For  a  long  time  this  area  remained  a  land  surface 
subject  to  the  denuding  action  of  the  agents  of  erosion.  We 
have  no  means  of  estimating  the  thickness  of  sediments  that 
were  swept  from  the  surface  during  the  long  period  that  inter- 
vened between  the  close  of  the  Niagara  and  the  laying  down  of 
the  earliest  sediments  of  the  Des  Moines  stage.  We  know, 
however,  that  by  the  close  of  this  period  of  erosion  the  sur- 
face of  our  land  was  trenched  by  the  stream  waters  into  hills 
and  valleys  much  as  we  see  it  today.  The  deposition  of  the 
shales  and  sandstones  of  the  Des  Moines  stage  was  initiated 
by  a  subsidence  of  all  of  this  portion  of  Iowa.  During  this 
age  a  broad  shallow  mediterranean  sea  stretched  far  across 
the  Illinois  coal  fields  on  the  east  and  beyond  the  borders  of 
Iowa  towards  the  southwest.  The  pre-Carboniferous  valleys 
were  filled,  and  sediments  were  spread  over  all  of  this  sea 
bottom  probably  to  a  depth  of  hundreds  of  feet.  The  deposition 
of  the  sediments  of  the  Des  Moines  stage  was  closed  by  a  move- 
ment of  the  earth's  crust  which  resulted  in  bringing  our  area 
once  more  above  the  level  of  the  sea.  Ever  since  that  long  distant 
time  the  agents  of  weathering  and  erosion  have  been  ceaselessly 
at  work.  The  greater  portion  of  the  Des  Moines  sediments  have 
been  removed  from  the  surface  of  Jackson  county.  Only  a 
few  scattered  outliers  of  small  extent  remain,  and  these  owe  their 
preservation  to  the  fact  that  they  occupied  depressions  in  the 
older  limestones  and  thus  were  protected  from  the  denudation 
that  wasted  the  general  surface. 

RESIDUAL  MATEBIALS. 

The  submergence,  during  which  the  sandstones  and  shales  of 
the  Des  Moines  stage  were  deposited  over  Jackson  county,  was 
followed  by  a  subsidence  of  the  sea  relative  to  the  level  of  the 
land,  and  this  region  became  a  theater  of  erosion.  For  an  ex- 
ceedingly long  interval  our  area  was  subject  to  the  forces  of 
degradation. 
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If  the  Rockville  conglomerate*  in  Delaware  county  and  the 
Pine  Creek  conglomeratef  of  Muscatine  county  belong  to  the 
Cretaceous  system,  it  would  seem  probable  that  the  great 
mediterranean  sea  that  covered  a  large  area  in  the  interior  of 
our  continent  during  a  part  of  the  Cretaceous  period  over- 
spread the  whole  of  Iowa.  It  is  possible  that  the  region  now 
embraced  in  Jackson  county  was  then  submerged.  The  fact 
of  the  occurrence,  in  this  county,  of  a  basal  conglomerate  under- 
lying sandstones  of  undoubted  Des  Moines  age  at  points  much 
nearer  the  above  mentioned  outcrops  than  any  known  beds  of 
Cretaceous  sediments  would  suggest  that  possibly  the  small 
conglomerate  outliers  in  Delaware  and  Muscatine  counties 
might  also  represent  remnants  of  coarse,  clastic  deposits  of  the 
Des  Moines  stage. 

However  this  may  be,  it  seems  certain  that  if  the  Cretaceous 
sea  ever  overspread  our  area,  all  of  the  sediments  that  were 
then  deposited  were  removed  from  the  surface  prior  to  the  de- 
position of  the  Pleistocene  materials.  There  are  no  means  of 
definitely  measuring  the  thickness  of  the  mantle  that  was  swept 
from  this  area  during  the  long  ages  that  it  stood  above  the  sea 
between  the  later  portion  of  the  Pennsylvanian  period  and  the 
early  part  of  the  Pleistocene.  Professor  CalvinJ  has  estimated 
that  the  thickness  of  the  strata  removed  by  solution  and  erosion 
from  the  summit  of  Iron  Hill,  in  Allamakee  county,  was  be- 
tween 800  and  1000  feet. 

The  present  streams  of  the  region  have  carved  their  beds  at 
h^ast  700  feet  below  the  tops  of  the  more  elevated  points. 

Professor  Salisbury  has  found  chert  and  silicified  fossils, 
thpt  have  been  derived  from  the  Niagara  beds,  mingled  with 
the  gravels  that  cap  the  tops  of  the  quartzite  range  of  hills  near 
Baraboo,  Wisconsin. §  If  these  gravels,  cherts  and  silicified 
fossils  are  of  the  nature  of  residual  materials,  as  Salisbury 
suggests,  they  would  indicate  the  removal  from  the  tops  of  the 
mounds  of  all  of  the  series  of  strata  lying  between  the  Baraboo 
quartzite  and  the  Niagara  limestone.     This  involves  a  vertical 

♦Calvin:  Iowa  Geol   Surv.,  Vol.  VII,  pp.  lflO-164. 
tUdden:  Iowa  Geol.  Surv..  Vol.  IX,  pp.  316-320. 


tUdden:  Iowa  Geol.  Surv..  Vol.  IX,  pp.  316-32 
tOalvin:  Iowa  Qeol.  Survey,  Vol   IV, p.  99 
^Salisbury :  Journal  of  Geo!  .  Vol   III.  p.  665. 
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thickness  of  at  least  1000  feet  of  sediments.  The  larger  streams 
of  Wisconsin  have  cut  their  channels  700  to  800  feet  below  the 
tops  of  these  elevations. 

There  seems  abundant  evidence  that  the  streams  of  the  upper 
Mississippi  valley  have  denuded  the  land  surface  to  a  vertical 
depth  of  one-third  of  a  mile.  Much  of  this  has  probably  been 
accomplished  since  the  late  Tertiary  or  early  Pleistocene 
period.  If  the  sea  had  successively  withdrawn  from  the  land 
as  soon  as  an  approach  to  peneplanation  of  the  surface  was 
accomplished,  the  depth  of  sediments  denuded  from  our  area 
during  the  entire  Pennsylvanian-Pleistocene  interval  would  be 
measured  by  thousands  of  feet. 

At  a  number  of  places  over  the  county  there  occurs,  im- 
mediately above  the  Niagara  ledges  and  underlying  the  Pleisto- 
cene materials,  a  mantle  of  geest  which  consists  of  stiff,  red 
colored  clay  in  which  are  mingled  fragments  of  chert.  This 
clay  represents  the  very  small  proportion  of  argillaceous 
matter  that  was  disseminated  through  a  many  times  greater 
thickness  of  Niagara  limestone,  and  which  has  been  concen- 
trated as  the  soluble  portion  of  the  beds  was  slowly  removed  by 
drainage  waters.  The  chert  fragments  were  derived  from  the 
obdurate  siliceous  nodules  that  were  enclosed  in  the  Niagara 
beds. 

On  a  hill  near  the  middle  of  the  north  side  of  section  5  in 
Brandon  township,  such  red  colored  residual  materials  have  a 
thickness  of  from  one  to  three  feet.  They  occur  a  short  dis- 
tance east  of  the  middle  of  section  21  in  Otter  Creek  township. 
They  may  be  seen  on  a  hill  near  the  southwest  corner  of  sec- 
tion 30,  Richland  township,  and  at  many  other  places  in  the 

county! 

The  drift  over  portions  of  the  townships  of  Van  Buren,  Fair- 
field and  Maquoketa  is  very  thin,  and  it  is  impossible  to  dis- 
tinguish the  part  of  this  material  that  is  of  pre-Pleistocene  age 
from  that  which  has  been  disintegrated  in  post-glacial  times. 

It  was  upon  a  surface  over  which  a  considerable  amount  of 
geest  or  residual  matter  had  been  developed,  and  where  uplands 
stood  well  above  the  valleys — the  relief  in  Monmouth  township 
was  at  least  three  hundred  feet— that  the  protective  mantle  of 
Pleistocene  materials  was  spread. 
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PLEISTOCENE  SYSTEM. 

Over  large  areas  in  the  county  the  finer  part  of  typical  drift 
material  is  very  thin  or  entirely  wanting.  The  topography  is 
essentially  that  of  a  driftless  region.  However,  the  presence  and 
mode  of  distribution  of  the  bowlders  and  bowlderets  of 
foreign  derivation,  consisting  of  quartz,  greenstones  and 
.granites,  would  indicate  that  a  sheet  of  ice  overspread  practi- 
cally the  entire  area. 

Occasional  glacial  bowlders  occur  in  the  roadside  near  the 
southeast  corner  of  section  28  of  Prairie  Spring  township. 
They  may  be  seen  along  the  wagon  road  crossing  the  northwest 
quarter  of  section  30,  in  Tete  des  Morts  township.  A  bed  of 
drift,  with  a  number  of  granite  bowlders,  one  to  two  and  one- 
half  feet  in  diameter,  appears  in  the  roadside  a  short  distance 
west  of  the  village  of  St.  Donatus,  in  the  southwest  quarter  of 
section  7  in  Tete  des  Morts  township.  South  of  these  points 
there  are  considerable  areas  over  which  few  signs  of  drift  are 
exposed,  but  scattered  glacial  bowlders  and  remnants  of  a  drift 
mantle  are  encountered  so  frequently  and  in  such  localities  as 
to  leave  little  doubt  of  the  former  presence  of  an  ice  sheet. 

There  is  clear  evidence  that  at  least  two  ice  sheets,  the  Kan- 
san  and  the  lowan,  invaded  portions  of  Jackson  county.  These 
were  separated  from  each  other  by  a  very  long  time-interval. 
The  earlier  of  these  incursions,  known  as  the  Kansan,  was  far 
the  more  widespread.  It  carried  much  the  larger  load  of  de- 
bris and  covered  much  the  greater  portion  of  our  area. 

KANSAN  STAGE. 

Kansan  drift. — The  Kansan  drift  is  deepest  and  most 
generally  present  over  the  southern  and  western  portions  of  the 
county.  The  characteristics  of  this  drift  in  Jackson  county 
do  not  differ  in  any  essential  points  from  those  of  thin  deposits 
of  corresponding  drift  in  other  portions  of  the  state.  Where 
long  exposed  to  the  atmosphere  the  superficial  portion  is 
leached  of  its  lime  constituent  and  oxidized  to  a  reddish-brown 
color  for  a  depth  of  from  one  to  four  or  more  feet.  Where  the 
deposits  are  deep  this  ferretto  zone  grades  downward  through 
less  perfectly  leached  and  yellow  colored  material  into  the  un- 
changed bluish-gray  till  of  the  main  body  of  drift. 
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Excellent  exposures  of  the  ferretto  phase  may  be  seen  along 
the  wagon  road  crossing  the  middle  of  section  21  in  l^erry 
township.  Reddish,  pebbly  drift  overlain  by  a  mantle  of  loess 
occurs  near  the  middle  of  the  east  side  of  section  19,  Richland 
township.  It  appears  in  the  northwest  quarter  of  section  31 
of  Otter  Creek  township,  and  at  numerous  other  poiuts  in  the 
south  and  west  portions  of  the  area. 

Crossing  the  north  side  of  Maquokota  township,  in  sections 
liy  4  and  5,  there  is  a  belt  of  unusually  heavy  Kansan  drift  thai 
carries  a  considerable  number  of  bowlders.  Many  of  these  arc 
of  exceptionally  large  size  for  the  drift  of  this  age,  the  larger 
masses  having  a  diameter  of  six  to  nine  feet.  The  monument 
erected  to  the  memory  of  Colonel  Thomas  Cox,  in  the  cemetery 
at  Maquoketa,  consists  of  an  undressed  granite  bowlder  Gi  x  4i 
X  3  feet  in  size,  that  was  taken  from  this  bowlder  train. 

In  putting  down  a  well  on  the  Henry  Little  farm,  in  the 
northwest  (juarter  of  section  25,  Monmouth  township,  a  thick- 
ness of  225  feet  of  surficial  materials  was  penetrated  without 
reaching  indurated  rock.  Much  the  greater  i)ortion  of  this 
depth  was  through  deposits  of  the  Kansan  stage.  Such  deep 
deposits  of  drift  material  are  rare  in  the  county,  and  are 
limited  to  the  southern  portion. 

Occasional  beds  of  ferruginous  sand  and  gravel  are 
encountered.  The  largest  deposit  of  such  coarse  material  that 
was  seen  underlies  a  portion  of  the  town  of  Maquoketa. 

As  stated  above,  the  finer  constituents  of  normal  drift  are 
wanting  over  considerable  areas.  The  chief  witnesses  to  the 
former  presence  of  an  ice  sheet  in  such  regions  are  the  pebbles 
and  bowlders  of  foreign  origin  that  appear  at  numerous  points 
immediately  overlying,  or  intermingled  with,  the  residual 
materials.  The  distribution  of  these  bowlders  is  such  as  to  in- 
dicate that  at  least  a  thin  body  of  Kansan  ice  overspread 
practically  the  entire  surface  of  Jackson  county. 

lOWAN  STAGK. 

loivan  drift  areM. — A  narrow  tongue  of  To  wan  ice  moved  south- 
ward beyond  the  limits  of  Dubuque  county,  spreading  over  a  few 
square  miles  in  the  north-central  portion  of  Butler  township,  in 
the  county  of  Jackson.     The  eastern  border  of  this  lobe  extends 
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southward  across  the  west  half  of  sections  2  and  11,  and  bends 
a  little  east  of  south  in  section  14  down  to  near  the  middle  of 
the  southeast  quarter.  From  this  point  the  margin  trends 
towards  the  west  across  the  southwest  quarter  of  section  14, 
and  passes  near  the  south  side  of  sections  15  and  16.  It  here 
swings  towards  the  northwest  and  crosses  the  northeast  corner 
of  section  17  and  the  east  half  of  sections  8  and  5. 

The  entire  area  of  the  lowan  plain  in  this  portion  of  the 
county  does  not  exceed  ten  square  miles.  The  ice  that  passed 
over  this  region  left  but  a  scant  covering  of  drift.  Fresh  look- 
ing granite  bowlders,  two  to  four  or  five  feet  in  diameter,  are 
occasionally  encountered.  Such  masses  are  most  abundant  on 
the  southeast  quarter  of  section  16  and  the  southwest  quarter 
of  section  15.  No  satisfactory  exposure  of  lowan  drift  was 
seen.  The  entire  area  is  covered  with  a  thin  veneer  of  loess. 
This  fact  would  seem  to  indicate  that  possibly  the  ice  mantle 
melted  from  this  region  previous  to  the  withdrawal  of  the  maiii 
body  of  lowan  ice  that  lay  a  few  miles  further  towards  the 
north  and  west. 

In  the  west-central  portion  of  Monmouth  township  there  is 
an  area  of  about  500  acres  that  possesses  all  the  essential  char- 
acteristics of  an  lowan  drift  plain.  It  embraces  the  southern 
portion  of  section  17,  the  north  half  of  section  20,  and  the  north- 
west quarter  of  section  21.  In  the  last  section  the  bowlders 
that  seem  to  belong  to  the  lowan  stage  are  the  largest  and  most 
abundant. 

While  this  surface  presents  the  appearance  of  an  lowan 
plain,  it  is  isolated  from  any  large  body  of  lowan  drift.  West 
of  the  town  of  Monmouth  for  some  miles  the  only  connection 
this  area  seems  to  have  with  a  well  defined  lowan  lobe  is  down 
a  valley  at  present  occupied  by  a  tributary  of  Bear  creek.  This 
valley  is  rather  large  for  the  present  stream,  but  it  has  not  the 
appearance  of  having  been  filled  with  a  tongue  of  ice  during  the 
lowan  age.  It  seems  more  probable  that  this  channel  was  the 
line  of  discharge  of  a  large  volume  of  water  during  the  time 
the  Onslow  lobe  of  lowan  ice  was  melting.  Under  such  con- 
ditions the  bowlders  may  have  been  carried  in  masses  of  ice 
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during  periods  of  great  flood,  and  become  stranded  where  the 
stream  debouched  upon  the  broad  lowland  plain,  one  mile  in 
width,  in  the  vicinity  of  the  village  of  Monmouth. 

THE  LOESS. 

The  greater  portion  of  the  surface  of  Jackson  county  is 
mantled  with  a  d(»i)osit  of  loess  which  varies  from  two  or  three 
to  as  much  as  twenty-five  or  thirty  feet  in  thickness.  As  in 
other  portions  of  the  state  the  fine  material  is  spread  over  hills 
and  valleys  showing,  if  anything,  a  preference  for  the  more 
elevated  points.  Notwithstanding  its  independence  of  topo- 
graphy and  of  the  formations  upon  which  it  rests,  the  loess  is 
by  no  means  distributed  uniformly  over  our  area. 

Distribution. — Over  much  of  Monmouth  township  a  deep  body 
of  loess  covers  the  summits  and  slopes  both  to  the  north  and 
the  south  of  the  ]Monmouth  valley.  AVhile  low  ledges  of  dolo- 
mite appear  more  or  less  interruptedly  in  the  immediate  banks 
of  tlie  streams,  the  ])ottoms  of  the  chaimels  are  often  choked 
with  fine,  loess-like  material.  The  dissected  upland  between 
the  North  and  the  South  Forks  of  the  ]\[aquoketa  is  covered 
with  loess  which  at  some  i)oints  has  a  thicknes.s  of  fifteen  feet. 
Loess  is  deep  over  the  larger  i)ortion  of  Butler  townshij),  but 
the  lowaii  (h'ift  area  here  is  not  rimmed  with  such  a  conspicu- 
ous border  of  loess  hills  as  is  usually  found  around  the  margin 
of  a  well  developed  lowau  drift  plain. 

A  thick  blanket  of  loess  covers  the  indurated  rocks  over  much 
of  the  townships  of  Prairie  Spring,  Tete  des  Morts,  Richland, 
Bellevue,  Perry,  Washington  and  Jackson,  except  in  close 
proximity  to  the  larger  streams.  Over  this  region  the  surface 
is  very  broken.  The  slopes  are  steep  and  the  summits  of  the 
hills  often  rise  more  tlian  one  hundred  feet  above  the  minor 
valleys,  lieds  of  typical  drift  are  generally  wanting;  yet  there 
are  large  areas  over  which  the  indurated  rocks  are  completely 
buried  by  surficial  materials.  This  fine-grained  mantle  deposit 
has  a  known  maximum  thickness  of  more  than  twenty-five  feet. 
At  some  points,  as  in  the  exposure  on  Brush  creek  near  the 
middle  of  the  southwest  quarter  of  section  29  in  Jackson  town- 
ship, the  loess  carries  numerous  univalve  shells.     These  fossils 
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represent  the  common  species  of  air  breathing  moUusks  that 
are  usually  found  in  such  deposits. 

Quite  a  large  area  in  the  north  and  east  portions  of  Farmers 
Creek  township  shows  no  loess,  being  covered  with  a  blanket  of 
sand,  as  also  are  several  square  miles  in  the  central  and  western 
portions  of  Van  Buren;  a  belt  south  of  the  Maquoketa  river, 
in  the  township  of  Maquoketa;  and  a  considerable  area  in  the 
northeast  corner  of  Bellevue  township  and  the  southeast  cor- 
ner of  Tete  des  Morts. 

Over  the  southern  part  of  Van  Buren,  and  extending  east 
into  Iowa  township,  there  are  considerable  areas  over  which 
the  dolomite  ledges  have  received  no  covering  of  surficial 
materials.  FA^en  the  residual  products  of  decay  have  been  re- 
moved by  wind  or  wash  as  fast  as  disintegration  of  the  rocks 
has  proceeded.  Other  small  patches  having  no  loess  or  other 
mantle  covering  occur  at  a  number  of  points  in  the  soutlieasterii 
part  of  the  county,  within  a  few  miles  of  the  Maquoketa  river. 

There  seems  little  doubt  that  a  portion  of  the  loess  material 
in  Jackson  county  is  of  lowan  age,  since  it  is  somewhat  con- 
tinuous with  the  marginal  belt  of  deep  loess  that  borders  the 
Towan  drift  plain  in  the  neighboring  counties  of  Jones  and 
Dubuque.  It  is  j^robable  too,  that  a  portion  of  the  material  has 
been  added  in  more  recent  times,  as  post-Iowan  deposits  of  loess 
are  known  in  other  portions  of  the  state.  A  portion  of  the 
materials  may  even  be  older  than  the  Towan  stage  of  glaciation, 
for  pre-Towan  loess  has  also  been  distinguished  in  Iowa.*  No 
exposures  of  loess  were  seen  in  whir»h  the  materials  showed 
evidence  of  a  long  break  in  the  continuity  of  deposition.  How- 
ever, if  these  deposits  were  formed  by  the  wind,  there  seems  no 
reason  why  a  portion  of  the  materials  should  not  have  been 
shifted,  removed,  or  added  as  often  as  winds  found  access  to 
such  beds  through  the  protective  cloak  of  vegetation,  or  as  con- 
stantly as  dust-laden  currents  of  air  found,  in  these  deposits, 
or  in  the  vegetation  that  they  supported,  an  obstruction  in  their 
path. 

♦See  citations  by  Shimek  in  Bull.  State  Univ.  o!  Iowa,  Vol.  V.  No.  4.  pp.  340  and 
866-368     See  also  Geology  of  Winneshiek  county,  by  S.  Calvin,  this  volume,  p.  126 


GEOLOGY  OF  JACKSON  COUNTY. 

Fost-Qlacial  Deposits. 

ALLUVIUM. 

Beds  of  fluviatilo  materials  that  were,  in  part  at  least,  laid 
down  during  the  i)resent  age  are  found  along  the  flood  plains 
of  the  Mississippi  and  the  AJaquoketa  rivers.  The  larger  areas 
occur  along  the  eastern  border  of  the  south  half  of  the  county. 
In  the  vicinity  of  Green  Island  this  alluvial  plain  has  a  maxi- 
mum width  of  nearly  three  miles.  In  our  county  the  area  of 
flood  plain  bordering  the  ^'Father  of  AVaters''  is  about  19000 
acres.  Between  Green  Island  and  Spragueville  the  flood  plain 
of  the  Maipioketa  river  has  an  average  width  of  nearly  one 
mile.  A  narrow  belt  of  alluvial  materials  borders  one  or  both 
sides  of  the  Maquoketa  river  west  of  Spragueville,  and 
occasional  patches  occur  along  the  North  and  South  Forks. 

The  surface  of  lowland  prairie  that  stretches  across  the  cen- 
tral portion  of  Monmouth  township,  the  southern  part  of  South 
Fork  and  the  southwest  corner  of  Maquoketa  represents  a  modi- 
fied alluvial  plain,  as  does  that  of  the  old  Goose  Lake  channel 
in  the  southwest  quarter  of  Van  Buren  township.  In  addition 
to  the  above,  small  i)atches  of  flood  plain  are  occasionally  en- 
countered along  the  larger  creeks  of  the  area. 

EOLIAN  DEPOSITS. 

There  seems  no  doubt  that  winds  have  been  carrying  and  de- 
positing materials  over  the  surface  ever  since  its  emergence 
from  the  sea.  The  deposits  that  were  thus  formed  prior  to  the 
Pleistocene  period  were  largely  removed  when  the  glaciers 
moved  over  the  region. 

It  is  probable  that  all  of  the  eolian  deposits  that  can  now  be 
studied  in  Jackson  county  have  been  built  sincQ  the  retreat  of 
the  Kansan  ice  sheet,  and  possibly  much  of  the  present  surface 
materials  of  these  beds  have  been  worked  over  since  the  close 
of  the  Pleistocene  period.  Materials  of  eolian  origin  in  Jack- 
son county  consist  of  considerable  deposits  of  sand  and  a  some- 
what discontinuous  blanket  of  loess.  It  is  probable  that  an 
ap])reciable  portion  of  the  finer  materials  of  the  alluvium  and 
of  the  soils  was  also  brought  by  tlie  winds  from  more  or  less 
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distant  points.  The  areas  over  which  the  respective  eolian 
materials  are  distributed  at  the  surface  have  been  outlined 
under  the  discussion  of  the  alluvium  and  the  loess. 

Soils. 

Four  different  types  of  soil  are  found  in  Jackson  county. 
They  may  be  designated  as  loess,  sandy,  alluvial  and  residual. 
Each  of  these  types  is  determined  by  tlie  character  of  the  sub- 
soil material  upon  which,  and  in  which,  the  soil  has  been  de- 
veloped. 

Loess  soil. — The  loess  soil  occurs  over  more  than  three- 
fourths  of  the  area  of  the  county.  Over  all  of  this  region  the 
surface  is  very  much  dissected.  The  slopes  are  so  steep  that 
little  humus  has  been  permitted  to  accumulate,  so  that  the  color 
of  the  soil  is  prevailingly  yellow. .  The  loess  particles  are  inter- 
mediate in  size  between  fine  sand  and  clay,  forming  a  fine  loam. 
The  soil  is  loose  and  porous,  and  at  the  same  time  sufficiently 
close  to  prevent  rapid  evaporation  of  its  water,  and  to  furnish 
a  good  degree  of  capillary  action.  The  particles  represent  the 
finer  parts  of  drift  and  alluvium  or  other  surficial  materials. 
They  are  rich  in  lime  carbonate  and  other  mineral  constituents 
of  plant  food.  Where  a  proper  rotation  of  crops  is  practiced, 
and  when  the  rain  fall  is  abundant,  this  soil  is  surprisingly 
productive. 

Scnuhf  soil. — Hecaus<»  of  its  oi)en  textun^  sandy  soil  rapidly 
loses  its  water  by  evaporation.  The  inter-granular  spaces  are 
so  large  that  water  is  not  readily  brought  up  to  the  surface 
from  a  considerable  depth,  hence  crops  in  such  soil  early  suffer 
from  drought.  When  the  i)articles  of  sand  are  composed  of 
quartz  or  silicon  dioxide  there  is  but  a  small  quantity  of  soluble 
matter  in  the  soil,  and  the  minerals  that  are  essential  to  the 
growth  of  plants  are  often  wanting.  Even  when  fertilizers  are 
applied,  the  oi)en  texture  of  the  soil  ])ermits  of  rapid  downward 
leaching  of  the  important  soil  constituents,  and  they  are  soon 
lost.  Such  soils  are  generally  infertile.  The  area  of  sandy 
soil  in  Jackson  county  would  aggregate  a  few  hundred  acres, 
yet  the  proportion  of  sandy  to  the  more  fertile  types  of  soil  is 
small. 
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Alluvial  soil. — A  large  portion  of  the  alluvial  land  along  the 
flood  plain  of  the  Mississippi  river  is  covered  by  wide  marshes 
and  threaded  with  lagoons.  The  most  of  this  area  is  too  low 
to  he  successfully  cultivate^d  in  ordinary  seasons.  Portions  of 
the  flood  plain  of  the  Maquoketa  river  are  also  subject  to  over- 
flow so  that  its  value  for  farming  land  is  impaired.  The 
alluvial  soil  generally  contains  some  of  the  desirable  con- 
stituents i)resent  in  all  of  the  types  of  soil  occurring  over  the 
basin  drained  by  the  stream.  It  usually  contains  sufficient 
sand  to  render  it  porous,  sufficient  silt  to  insure  proper  re- 
tention of  water,  and  sufficient  humus  or  decaying  organic 
matter  together  with  the  necessary  soluble  minerals  to  furnish 
abundant  food  for  the  rapid  growth  of  vegetation.  Where 
sufficiently  high  and  efficiently  drained,  such  soils  are  superior 
to  almost  any  other  in  their  durability  and  ease  of  cultivation, 
and  in  their  j)roductiveness.  The  fertility  of  the  modified 
alluvial  soil  occurring  over  the  lowland  plain  between  Monmouth 
and  Maquokfta  and  over  the  limited  area  of  the  old  Goose  Lake 
channel  is  equalled  by  no  other  soils  of  the  county.  These  areas 
yield  large  harvests  of  corn  and  small  grain  even  in  unfavor- 
able seasons  of  drought  or  flood. 

Residual  soil. — Limited  areas  of  residual  soil  occur  where  the 
loess  has  for  some  reason  failed  to  be  deposited  over  the 
Niagara  ledges.  They  are  found  in  occasional  patches  of  small 
extent  over  a  belt  four  or  five  miles  in  width  on  either  side  of 
the  Maquoketa  river.  Tn  placets  the  constituent  i)articles  con- 
sist of  grains  of  quartz  or  dolomite,  so  that  the  soil  partakes 
of  the  nature  of  sand.  At  other  points  the  material  is  com- 
posed of  heavy  reddish  (»lay  mingled  with  chert  fragments. 
Over  these  areas  the  depth  of  the  loose  material  is  insufficient 
to  retain  the  moisture  required  for  a  crop,  hence  such  soils  are 
generally  unproductive. 

Deformations. 

The  conspicuous  example  of  deformation  that  occurs  in  Jack- 
son county  consists  of  a  low  arch  that  extends  in  an  east  and 
west  direction  from  Savanna,  in  Tllinois,  to  the  east  side  of 
section  30  in  Fairfield  township,  a  distance  of  about  twenty 
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miles.  The  strata  involved  in  tlie  deformation  embrace  the 
Maquoketa  shale  and  the  overlying  beds  of  Niagara  limestone. 
The  maximum  measured  height  of  the  arch  was  in  sections 
2\)  and  .*>()  of  Fairfiohl  township.  At  each  of  these  points  the 
aneroid  readings  gave  the  elevation  of  the  upper  layers  of  the 
Maquoketa  as  175  feet  above  the  corresponding  layers  in  the 
vicinity  of  Preston.  Readings  at  two  different  points  in  sec- 
tions 22  and  23  of  Van  Buren  township  gave  the  altitude  of 
the  uppermost  Ma(|uoketa  layers  as  90  and  115  feet  respectively 
above  the  equivalent  layers  near  Preston.  At  some  points  over 
this  arched  belt,  where  the  upjier  layers  of  the  Maquoketa  beds 
were  best  exposed,  they  seem  to  have  been  thrown  into  a  series 
of  small  crumples!  at  the  time  the  main  arch  was  raised.  Where 
well  exposed  the  layers  are  crossed  by  two  series  of  small 
parallel  fissures.  These  fissures  are  six  to  twenty-four  inches 
apart  and  extend  for  a  distance  of  one  to  three  or  four  feet. 
Those  of  one  series  have  a  direction  nearly  at  right  angles  to 
those  of  the  other.  AVhen  the  Niagara  layers  were  seen  in  an 
apparently  undisturbed  i^osition  against  the  inclined  Maquo- 
keta beds,  the  angle  of  dip  was  about  thirty  degrees.  Between 
different  y)oints,  and  sometimes  in  the  same  outcrop,  the  dip 
varies  widely  as  regards  both  direction  and  inclination.  A 
portion  of  this  variance  is  probably  due  to  the  fact  that  the 
Niagara  limestone  creeps  or  settles  on  the  shale  when  in- 
equality of  support  results  from  differential  erosion. 

XJnconf ormities . 

A  number  of  breaks  in  the  geological  record  occur  in  Jack- 
son county  as  is  shown  by  the  presence  of  unconformities. 
Between  the  deposits  of  the  Galena  and  those  of  the  Maquo- 
keta no  line  of  unconformity  was  found,  yet  the  abrupt  change 
in  the  character  of  the  materials,  and  the  variable  nature  of 
the  Galena  surface  upon  which  the  Maquoketa  rests  at  different 
])oints  in  the  state,  suggests  a  i)ossible,  though  undiscovered, 
break. 

At  one  or  two  points  the  Niagara  limestone  was  seen  in  such 
relations  to  the  Maquoketa  shales  as  to  indicate  that  the  Nia- 
gara layers  occupied  a  channel  eroded  in  the  Maquoketa  beds 
previous  to  the  deposit  of  the  limestone.  This  would  imply 
a  discontinuity  of  sedimentation. 

The  deposits  of  the  Des  Moines  stage  were  laid  down  over  a 
much  carved  and  deejily  eroded  surface.     Remnants  of  these 
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in  the  form  of  outliers  are  generally  found  occupying  de- 
pressions that  are  bordered  at  no  great  distance  by  older  strata. 
In  our  area  the  Niagara  limestone  usually  forms  the  basin  in 
which  are  found  the  Des  Moines  beds.  At  one  point,  in  Fair- 
field township,  the  Des  Moines  sandstone  rested  unconformably 
against  a  bank  of  Maquoketa  shale. 

The  Kansan  drift  was  spread  unconformably  over  the  pre- 
Kansan  surface;  the  lowan  drift  was  laid  down  unconformably 
upon  the  Kansan;  and  the  mantle  of  loess  rests  unconformably 
upon  long  leached,  strongly  oxidized  and  deeply  eroded 
materials  of  widely  varying  age. 

ECONOMIC  PRODUCTS. 
SoUs. 

The  product  of  the  soils  of  Jackson  county,  like  that  of  other 
portions  of  our  favored  state,  will  always  be  the  greatest  source 
of  wealth  to  her  intelligent  and  prosperous  people.  The  total 
value  of  the  annual  products  of  the  farms  of  the  county  as 
given  in  the  census  for  1905,  aggregates  3,672,507  doUais.  This 
sum  is  half  a  million  dollars  greater  than  the  value  of  the  total 
coal,  clay  and  stone  production  of  the  county  of  Iowa  ranking 
first  in  the  output  of  those  minerals.  It  is  nearly  double  the 
value  of  all  the  mineral  production  of  the  county  raiikim^  second 
in  its  output. 

The  product  of  the  farms  of  Jackson  county  for  the  year  indi- 
cated by  the  1905  census,  would  purchase  more  than  one-third 
of  all  the  gold  mined  in  Alaska  during  that  same  i)eriod.  Its 
value  equals  nearly  one-half  of  all  of  the  silver  output  of  Col- 
orado during  that  same  year.  It  would  buy  nearly  three  times 
the  crude  petroleum  i)roduced  by  the  famous  Beaumont  oil  field 
of  Texas  during  this  year,  and  more  than  one-half  of  the  Beau- 
mont ])roduction  during  1902,  the  year  of  it=^  greatest  i)i-()si)er- 
ity. 

Building  Stone. 

Practically  all  of  the  building  stonc^  produced  in  Jackson 
county  is  used  within  its  borders.  The  building  stone  (piarries 
are  all  small  and  are  worked  intermittently.  The  rocks  of  every 
stage  that  outcrops  in  this  area  contribute  a  small  supi>ly. 

Galena  limestone. — Small  (juarries  have  been  oi)erated  in  the 
upper  portion  of  the  Galena  limestone  at  a  numl)er  of  points 
in  Tete  des  Morts  township.  In  the  village  of  St.  Donatus  con- 
siderable stone  has  been  quarried  from  these  layers.     A  small 


KUILDING  STONE.  643 

(luarry  is  at  present  worked  in  tlie  south  bank  of  Morts  creek 
near  the  center  of  section  13  of  Prairie  Spring  township.  A 
limited  quantity  of  this  stone  has  been  taken  out  near  the 
middle  of  the  north  half  of  section  15;  in  the  northeast  quarter 
of  section  24;  and  in  the  southeast  quarter  of  section  36.  Per- 
liaps  the  largest  quarry  in  the  Galena  beds  works  the  upper 
layers  near  the  top  of  the  north  bluflf  at  the  junction  of  Morts 
(»reek  with  the  Mississippi  river.  A  large  amount  of  Galena 
limestone  has  been  taken  out  of  the  bluff  in  the  vicinity  of 
(lordon's  Ferry  station,  and  used  in  the  construction  of  wing 
dams  along  the  river. 

MfKiiiokcta  beds. — The  transition  beds  from  the  Maquoketa  to 
till'  Niagara  have  been  quarried  locally  at  Bellevue,  and  at  a  few 
othor  points  in  the  northeastern  portion  of  the  county.  The 
inat:»rial  is  impure  limestone.  When  exposed  to  the  atmos- 
[)1km'(*  this  material  soon  crumbles  into  small  bits  and  does  not 
l)rnv(»  a  durabh.'  stone. 

Uopkihtou  sfacfr.-'A  number  of  small  quarries  for  building 
stone  arc  worked  in  beds  of  the  Hopkinton  stage.  A  small 
quantity  of  stone  for  local  use  is  taken  from  the  ledge  near  the 
middle  of  tlii'  north  side  of  section  24,  and  from  a  quarry  near 
tlu^  middK'  of  section  20,  in  Iowa  township;  from  near  the 
middle  of  tiie  southwest  quarter  of  section  30  of  Union  town- 
ship; from  near  the  middle  of  the  south  side  of  section  10  of 
Butler;  and  from  the  middle  of  the  east  half  of  section  21  in 
Otter  ( 'leek  township.  At  a  number  of  other  points  small  quar- 
ries have  been  occasionally  worked.  The  stone  from  this  hor- 
izon is  i»(nerally  too  massive  to  be  readily  quarried  or  dressed 
into  usable  shape.  When  the  materials  are  in  layers  the  beds 
contain  so  much  chert  in  the  form  of  bands  and  enclosed  nodules 
that  the  N»dges  can  not  be  profitably  worked  on  a  commercial 
scale.  * 

Gowar  stage. — The  local  demand  for  building  stone  in  the 
north-western  portion  of  the  county  is  supplied  from  the  quar- 
ries in  the  Gower  beds.  These  rocks  are  known  to  occur  in  our 
area  over  only  about  one  square  mile,  in  sections  9  and  10  of 
Brandon  township.  Occasionally  they  appear  capping  the  west 
bluff  of  the  North  Fork  of  the  Maquoketa  river,  along  the  west 
side  of  section  10,  l)ut  they  do  not  appear  in  the  east  bank. 

Mr.  John  Archibald  has  formerly  taken  out  a  considerable 
(luantity  of  stone  from  a  ledge  near  the  middle  of  the  east  side 
of  section  0  of  Bi'andon  townsiilp.  One-fourth  of  a  mile  south 
of  the  Archibald  <inarry  the  corresponding  layers  are  worked 
on  land  owned  l)v  Mrs.  P.  J.  Eads. 
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At  the  present  time  the  greater  portiou  of  this  stoue  is  fur- 
nished by  Mr.  J.  N.  McCullough,  from  a  quarry  near  the  middle 
of  the  south  side  of  section  9.  The  stone  from  this  horizon 
occurs  in  even  layers,  two  or  three  inches  to  as  many  feet  in 
thickness.  Tlie  material  is  a  sub-granular,  yellow  colored  and 
fairly  durable  magnesian  limestone.  The  various  layers  can 
be  quarried  easily,  and  furnish  dimension  blocks  one  foot  or 
more  in  thickness  and  flagstones  of  almost  any  size  desired. 
The  Gower  beds  yield  much  the  best  quality  of  stone  for  build- 
ing and  general  construction  purposes  that  is  found  in  the 
county. 

Des  Moines  sandstone. — Whore  the  beds  of  Des  Moines  sand- 
stone are  thick  the  sand  grains  have  oft3n  been  cemented  to- 
gether by  an  interstitial  deposit  of  iron  oxide,  so  that  the  layers 
are  much  indurated.  In  such  beds  small  (piarries  have  been 
worked  at  a  number  of  points  in  the  county.  The  most  impor- 
tant of  these  are  in  the  Monmouth  outlier  in  sections  31,  32  and 
33  of  Monmouth  township.  Considerable  stone  has  also  been 
taken  from  the  Carboniferous  outliers  in  the  north  half  of  sec- 
tion 29  of  Fairfield  township. 

Lime. 

Jackson  county  furnishes  more  than  three-fourths  of  all  the 
lime  produced  in  Iowa.  Th(*  xnhut  of  the  lime  output  for  1904 
aggregated  $69,550.00.  The  rock  used  for  manufacture  into 
lime  is  a  dolomite,  and  comes  fi-om  a  zone  about  sixty  feet  in 
thickness  which  includes  the  upper  thirty  or  forty  feet  of  the 
Pentamerus  oblongus  ledge  and  the  overlying  beds  containing 
such  characteristic  fossils  as  Cerionites  dactylioides,  Caryocri- 
nus  ornatus  and  Culicocrinus  sp.  The  llurst  quarry  section 
given  on  page  615  is  representative  of  the  lime  quarry  beds  in 
Jackson  county.  A.  Hurst  and  Company  have  operated  a  large 
lime  burning  plant  at  Hurstville  for  many  years.  Quarries 
are  worked  on  both  sides  of  the  river  and  tracks  are  laid  in 
such  a  manner  that  the  loaded  cars  are  brought  by  gravity  to 
the  foot  of  the  incline  up  which  they  are  drawn  by  horses  to 
the  top  of  the  kilns.  The  plant  is  equipped  with  four  patent 
continuous  draw  kilns.  Each  kiln  is  tliirty-flve  feet  high,  six  by 
eight  feet  in  cross  section,  and  has  a  daily  capacity  of  125  bar- 
rels. The  lime  is  barreled  and  shipped  over  the  Chicago,  Mil- 
waukee and  Saint  Paul  railroad  to  various  points  in  Iowa  and 
all  the  adjacent  states.  Wood  is  e.cclusively  used  for  fuel,  one 
cord  of  soft  wood  burning  28  barrels  of  lime,  or  a  (?ord  of  hard 
wood  burning  about  33  barrels. 
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The  Maqnoketa  Lime  Company  operates  a  quarry  at  Pin 
Hook,  one  mile  west  of  Maqnoketa.  This  plant  is  also  owned 
and  managed  by  Alfred  Hurst  and  Company,  of  Hurstville. 
At  this  point  there  are  three  kilns  similar  in  kind  and  capacity 
to  those  at  Hurstville.  The  stone  is  from  the  same  horizon 
and  the  lime  is  essentially  like  that  produced  at  the  Hurstville 
plant.  The  output  of  the  Pin  Hook  kilns  is  loaded  on  cars  at  a 
switch  about  one  mile  south  of    the    quarry    and    is    shipped 


Ftir*  78— Ledg-e  of  Niagara  limestone  in  the  east  bank  of  the  Maquoketa  river, 
JM  section  12  of  douth  ti*ork  townnhip.    This  stone  is  excellent  for 

lime  burnins:. 

over  the  Chicago  and  North- Western  railroad.  A  large 
tract  of  timber  near  Green  Island  is  owned  by  the  Hurst  com- 
pany and  furnishes  the  wood  for  lime  burning  on  this  extensive 
scale. 

Joiner's  lime  works  is  located  near  the  middle  of  the  south 
half  of  section  20  in  South  Fork  township.  The  plant  is 
equipped  with  two  patent  continuous  kilns  having  separate 
capacities  of  about  100  barrels.  The  lime  is  shipped  over  the 
Chicago  and  North- AVes tern  railroad. 

The  Keystone  Lime  Company's  plant  is  located  near  the 
middle  of  the  west  side  of  section  32  in  Monmouth  township. 
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They  have  one  patent  kiln  with  a  daily  capacity  of  100  barrels. 
The  product  is  generally  sold  in  bnlk  to  contractors,  a  large 
portion  of  the  output  finding  a  market  in  Cedar  Rapids. 

Mr.  Charles  Hyler  of  Bellevue  burns  from  1500  to  1700  bar- 
rels of  lime  per  year.  The  kiln  is  located  a  short  distance  south 
of  the  town.  The  stone  comes  from  the  upper  transition  beds 
of  the  Maquoketa  and  from  the  overlying  Niagara  ledge. 

All  of  the  lime  marketed  in  the  county  is  made  from  dolo- 
mite. The  lime  burning  plants  are  in  operation  during  nine 
or  ten  months  of  the  year.  Work  is  usually  discontinued  for 
a  short  time  in  midwinter.  The  patent  kilns  such  as  are  used 
in  the  county  can  be  fired  continuously,  the  limo  being  drawn 
at  intervals  of  six  to  twelve  hours.  Wood  is  the  only  fuel  at 
present  used  in  burning  the  product.  Coal  is  not  satisfactory 
for  this  purpose,  as  it  is  difficult  to  make  an  even  burn  with 
coal,  and  the  color  and  the  slacking  qualities  of  the  lime  are 
also  impaired  by  its  use. 

Sand. 

Abundance  of  sand  suitable  for  use  in  common  mortar,  plas- 
ter and  cement  is  found  along  the  channel  of  the  Maciuoketa 
river  and  its  branches.  Locally  sand  is  also  taken  from  the 
beds  of  Farmers  creek,  Deep  creek  and  other  streams.  A  bank 
of  sand  twenty-two  feet  in  height  has  been  extensively  worked 
near  the  southwest  corner  of  section  18  in  Maquoketa  town- 
ship. 

Olays. 

Three  plants  for  the  manufacture  of  the  more  common  clay 
goods  are  operated  in  the  county.  Surface  clays  are  exclusively 
utilized  as  a  source  of  the  raw  materials. 

Preston, — The  only  plant  in  the  county  that  manufactures 
drain  tile  has  been  operated  at  Preston,  by  Mr.  Charles  Beamer, 
for  a  number  of  years.  A  Brewer  stiff-mud  tile  machine  is 
used,  and  the  tile  is  air  dried.  The  burning  is  made  in  a  single 
round,  down-draft  kiln,  having  a  capacity  of  KiOOO  to  17000. 
Tile  varying  in  size  from  three  to  six  inches  is  produced.  The 
clay  used  is  a  modified  alluviiun  that  occurs  over  the  surface 
in  the  old  Goose  Lake  channel.  No  brick  are  manufactured. 
The  demand  is  largely  local,  a  i)art  of  the  output  being  marketed 
in  Lost  Nation. 

Maquoketa,— Thf^  Afaquoketa  Brick  Company  operates  a  brick 
the  south  part  of  Maquoketa.  One  Anderson  soft  mud  brick 
machine  is  used.  There  are  two  square  kilns  of  200,000  capac- 
itv  each,    Looss  clay  is  the    raw    material.     At    present    only 


CLAYS.  647 

.  ordinary  (^oiistruotion  brick  is  produced,  but  plans  arc  being 
made  to  manufacture  pressed  brick  in  the  near  future.  The 
plant  near  the  Chicago  and  North- AVestern  railway  station,  in 
output  is  sold  in  Maquoketa  and  neighboring  towns. 

For  a  number  of  years  common  brick  has  been  manufactured 
at  Maquoketa  by  Mr.  George  Becker.  The  clay  is  a  mixture 
of  loess  and  alluvial  material.  Seven  kilns  of  100,000  capacity 
are  usually  burned  each  year.  The  home  market  takes  a  large 
share  of  his  production. 

Water  Supplies. 

Over  all  the  northeastern  portion  of  the  county  the  numerous 
springs  that  issue  at  the  upper  surface  of  the  Maquoketa  shale 
furnish  a  i)eronnial  supply  of  excellent  water.  The  Maquoketa 
river  and  the  North  and  South  Forks  bring  abimdance  of  water 
to  the  regions  through  which  they  flow.  All  of  the  larger  creeks 
of  the  ar(^a  are  permanent  streams  and  carry  stock  water  of 
the  finest  kind.  Much  of  the  potable  water  is  obtained  from 
shallow  wells  which  range  in  depth  from  twenty  or  thirty  to 
three  hundred  feet.  The  water  supply  for  the  town  of  Sabula 
is  obtaincul  from  a  well  973  feet  in  depth. 

The  curb  of  the  well  is  a  short  distance  below  the  horizon  of 
the  base  of  the  Niagara  limestone  in  which  massive  dolomite 
the  river  has  here  cut  a  gorge  more  than  one  hundred  feet  deep. 
In  the  first  one  hundred  and  sixty  three  feet  the  drill  passed 
through  unconsolidated  sand  and  gravel  which  represents  the 
pre-gla(*ial  channel  of  the  Mississippi  river,  excavated  in  the 
Maquoketa  and,  the  ui)per  beds  of  the  Galena.  The  thickness 
and  elevation  above  tide  at  the  base  of  the  formations  pene- 
trated are  i»:iven  by  Norton  as  follows.* 

THI0KNB88  ABO^B  TIDE 

FEET.  FEET. 

7.  Alluvium,  filling  ancient  channel if^3  4i9 

6.  Platreville-Galena 212  207 

5.  St.  Peter 75  132 

4.  Upper  Oneota 125  7 

3.  New  Richmond 25  -18 

2.  LowerOneota 175  -193 

1 .  St.  Croix,  penetrated 198  -391 

It  will  be  seen  from  the  above  table  that  the  drill  entered  the 
St.  (M'oix  sandstone*.  When  the  well  was  completed  the  dis- 
charge measured  720  gallons  a  minute.  The  ])ressure  of  thirty- 
two  pounds  is  snlTicMcnt  to  furnish  water  and  fire  protection  to 
all  parts  of  the  town. 

Below  is  given  an  analysis  of  the  water  of  this  well,  made  by 
J.  R.  Weems  in  lS9f),  the  year  after  the  well  was  completed. 

•Norton:  Artesian  wells  o!  Iowa,  Iowa  Geol.  Surv. ,  Vol.  VI.  p  25!*. 
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ANALYSIS.  QRAINf    FEB  U    8  PARTS  PBB 

GALLON.  MILLION. 

Calcinm  carbonate  (Ca  CO,)   7.764  i33  «57 

Magnesium  carbonate  (VI {(  CO,) 522  9  ot  0 

MafirDesiam  bicarbonate  (bdg  H.  (CO,)2...    .10  374  178  857 

Sodium  carbonate  (Na,  «'0,) 605  10.428 

Sodium  sulnhate  (Na,  SO4) 1.756  30  286 

Alumina  (AI,  O,)  and  Fenic   oxide  (Fe,  O,)     .331  5  714 

Silica  (SiOa) 174  3  000 

Maquoketa. — The  Maqnoketa  city  water  supply  is  obtained  from 
a  large  well  put  clown  in  the  flood  plain  bordering  the  Sonth  P.ork 
of  the  Maqnoketa  river.  The  well  is  located  on  the  south  side  of  the 
river  in  the  northeast  part  of  the  town.  It  is  thirty  feet  in  depth, 
entirely  in  sand  and  gravel,  and  has  a  diameter  of  twenty-two  and 
one-half  feet.  From  the  well  a  line  of  twenty-four-inch  tile,  with- 
out flanges,  is  laid  up  the  valley  for  a  distance  of  600  feet,  parallel 
with  the  course  of  the  stream.  The  well  is  about  600  feet  from  the 
immediate  bed  of  the  river  and  the  tile  approaches  within  100  feet 
of  the  stream  at  the  nearest  point.  The  water-works  are  equipped 
with  one  Worthington  compound  duplex  pump,  having  a  capacity 
of  1,500,000  gallons  in  twenty-four  hours,  and  one  Blake  duplex 
pump  with  a  daily  capacity  of  750,000  gallons.  Since  the  tile  was 
put  in  the  well  has  furnished  an  ample  supply  of  water  for  all  the 
needs  of  the  city.  The  stand  pipe  is  100  feet  high.  It  stands  on  a 
hill  about  140  feet  above  the  curb  of  the  well  and  furnishes  a 
good  water  pressure  throughout  the  town. 

Following  is  a  copy  of  an  analysis  made  by  Mr.  Floyd  Davis, 
of  Des  Jloines,  of  a  sample  of  water  from  the  well  of  the  Maquoketa 
city  water  works.    The  report  bears  the  date  of  October  4, 1897 : 

PARTS  PBB  1,000,000 

Total  solids 3*  9  000 

LoKs  on  ignition* 76  000 

Chlorine 18  5n0 

Free  amm-nia .OSO 

Albuminoid  ammonia .070 

Oxvi^en  consumed  (Kubsl) U900 

Nitroeen  in  nitri'es none 

Nifrn8f«»n  in  nitrates  ...     9.800 

*No  change  in  color,  slijfht  acid  odor 
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Ahie8  halaamea,  154,  161,  165. 
Ahutilon  almtilon,  160,  194. 

avicennae,  194. 
Acalypha,  160. 
Acer  dasycarpunif  193,  551. 
negundo,  153,  193,  552. 
saccharinum,  153,  193,  551. 
sdccharum,  154,  193. 
Acervularia  davidsoni,  116,  421. 

profunda,    355,    392,    420, 

421,  422. 
beds,  355,  420. 
Achillea  millefolium,  210. 
Ackley,  elevation  of,  466. 
well  section,  476. 
Acknowledgments,    146,    306,   405,    452, 

507,  548,  648. 
Acorus  calamu8,  162,  171. 
Acroanthea  unifoliat  174. 
Actaea  alha,  182. 
rubra,  182. 
spicata,  182. 
Adder's  tongue,  172,  174. 
Adiantum  pedatum,  157,  164. 
Adicea  pumila,  178. 
Administrative  reports,  1,  13. 
Adopogon  virginicum,  205. 
Adoxa  moschatellina,  204. 
Aftonian  gravels,  362. 
Agastache  nepetoides,  201. 

scrophulariaefolius,   201. 
Agrimonia  eupatoria,  187. 

hirauta,  187. 
Agropyron  can,inum,  168. 

occidentale,  159,  168. 
repens,  168. 
tencrwm,  159,  168. 
Agropyrum,  168. 
il^rostemma  githago,  181. 
Agroatia  alba,  159,  166. 
Alder,  hoary,  154. 
Alexander,   elevation  of,   466. 
Aliama  plantago^quatica  170. 
^72ionia  nyctaginea,  180. 
.47littm  cemuum,  158,  171. 
atellatum,  172. 
^Hcoccuwi,  171. 
Alluvial  areas,  579. 

Alluvium,  130,  289,  445,  495,  541,  638. 
Alnua  iccana,  154,  176. 
Alopecurua  geniculatua,  166. 
AUine  longifolia,  181. 

tTtedia,  159,  181. 
Altitudes  in  Black  Hawk  county,  417. 
Bremer  county,  326. 
Franklin  county,  466. 
Jackson  county,  583. 
Winneshiek  county.  57. 
Alum-root,  186. 
AlveoHtea  minima,  355. 
undoaua,  614. 


Alyssum,  hoary,  185. 
Amaranthus  blitoidea,  159,  180. 

retroflexua,  159,  180. 
Amhonychia,  254. 
Amcrosia  artemiaiaefolia,  206. 
trifida,  206. 

trifida  integrifolia,  206. 
Amclanchier  alnifolia,  154,  188. 

botryapium,  153,   188. 
canadenaia,  154,  188. 
rotundifolia,  163,  188. 
Amorpha  caneaccna,  154,  190. 

fruticoaa,  153,  190,  553. 
Ampelopaia  quinquefolia,  193,  552. 
Amphicarpaea  monoica,  19 1. 
pitcheriy  191. 
Amp?iicoe2{a  leidyi,  616. 
Amp 26X1X5   yandelli,  422. 
Analysis  Cedar  Valley  limestone,  355, 
358. 
Galena  limestone,  25if. 
Glass  sand,  297. 
Maquoketa   shale,    294,    295. 

well,  648. 
McGregor  wells,  302,  303. 
Niagara  limestone,   343. 
Sabula  well,   b48. 
St.  Peter  sandstone,  244,  297. 
Spring  at  Lake  View,  618. 
Wapsipinicon  limestone,  351. 
Anaatrophia  hemiplicata,  254. 
Andrew,  elevation  of,  583. 
Andrews  quarry,  487,  499. 
Andropogon  furcatua,  165. 

nutana,  159,  165. 
provincialia,  169,   165. 
Anemone,  182. 
Anemone  canadenaia,  182. 
cylindrica,  182. 
nemoroaa,  182. 
patena,  183. 
pennaylvanica,  182. 
Quinquefolia,  182. 
virginiana,  182. 
Anemonella  patena,  183. 

thalictroidea,  182. 
Annotated  list  of  plants,  162. 
Antennaria  plantaginifolia,  209. 
Anthemia  cotula,  159,  210. 
Apt05  apioa,  191. 

tu5ero9(7,  191. 
Ap^cctrtxm  hyemale,  174. 
Apocynum  androaaemi folium,  198. 
cannabinum,    162,   198. 
Aquilegia  canadenaia,  158,  182. 
Arabt.9  bracycarpa,  185. 
canadensis,  185. 
con/lnis,  185. 
dentata,  185. 
laevigata,  185. 
Zyrata,  185. 
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Aralia  nudicaulis,  195. 
quinquefolia,  196. 
racemdsd,  1*95. 
Arbor-vitse.  155. 
Archibald  quarry,  619. 
Arctium  lappa,  159,  211. 

minus,  211. 
^rea.  Black  Hawk  county,  41  o, 
Bremer  county,  32o. 
craytoh  county,  217. 
Franklin  county,  457. 
Jackson  county.   567. 
Winneshiek  county,'  43. 
Arenaria  lateriflora,  181. 
Arey,  M.  F.,  acknowledgments.  1*46. 

Geolftgy  of  Black     J  lawk 
county,  407.  ' 
Work  of,  5. 
Arey,  R.  M..  452. 
Arisaema  dracontium,  171. 
triphyllum,  170. 
Aristida  basifamea,  166. 
Aronia  nigra,  188. 
Arrowhead,'  170.  ' 
Arrow  wood,"  154,  203.  2u4. 
Artrmisid  artemisaefolig,  160. 
hiC7i7}is,  210. 
candata,  210. 
draciindiloides,  210. 
gnaphalodes,  211. 
ludoviciana.  211.  ' 
serrata,  210. 
triflda,  160.  ' 
Arthur,  J.  C.  cited,  148. 
AsapJius    (Isotclus)    iournsis.   98. 
Asarum  acuminatum,  178. 
canadense,  178. 
reflcxum,  178. 
Asclepias  rornuta,  198. 
exaltata,  198. 
incarnata,  198. 
phytolaccoides,   19S: 
syriaca,  160.  198.     ' 
tubcrosa,  162.  198. 
vcriicillata,  198. 
Ash,   prickly,   191,  551. 
Ashes,   153,   154.   156,   197,' 198.   556. 
Asparagus,  172. 
Asparagus  offtcinaHs,  172. 
Aspen,   154,   174,   559. 
Aspidum  goldianum,  164. 
thelyptcris,  164. 
Asplenium  fiUx-foemina,  164. 
Asprrlla  hpstrix,  168. 
Asters.  157,  158.  207,  208,  209." 
Aster  azureus,  207. 

rordifolius,  158: 
diffusus,  208. 
drummondii,  207. 
cxiguus,  157,  208. 


Zaet?i«,  15.7.  208. 
lateriflorus,  208. 
lucidulus,  208. 
,  multiflorus,  208. 

novae-angliae,  157.  208.        i 
paniculatus,  208. 
prenantA oidC5,  208. 
ptarmicoidcs,  208. 
pM?itcews,  208. 
sag  it  txf  alius,  207.  . 
saHcifolius,  208. 
sericew*,  208. 
shortiiy  157,  207.. 
tradescanti,  208. 
umbellatus,  209. 
Astragalus  canadensis,  190. 

caralinianus,  190. 
Athyris  proutii,  487. 
vittata,  358. 
Athyrium  filix-foeviina,  157,  164. 
Atragene  americana,  153,  155,  183. 
Atrypa  aspera,  420. 

aspera  occidcntalis,  345,  355.     * 
reticularis,  116,  352,  355. 

358,   360,   420,   '^21,   422.    :  J., 
425,   436,   480,   617. 
AulacopJiyllum  sulcatinum,  422. 
Avens,  rough,  187. 
Awn-gras.s,  tufted  triple,  166.  . 

Bailey  creek,  section  on,  483. 

Bain,  H.  F.,  cited,  61.  65,  81,  235,  24.S. 

'     265,  592,  593,  601. 

Balch,  E,  S.,  cited,  47,  145.  [ 

'Baldwin,  elevation  of,  583. 

Balm  of  Giload,  154,  155,  174. 

Balsam,  154,  161,   165,  209. 

white,  204. 
'Balsam  apple,  204. 
Baneberry.  182. 
Baptisia   bracteata,  189. 

leucantha,  189. 

Icucophaea,  189. 
Bartlet  quarry,  sectiop,  425. 
Bartsch,  Paul,  cited,  149. 
Basswood,  154,  155,  19*4,  551. 
Batrachium  trichophyllum,  156,  .183. 
Bauman  well,  340. 
Beach,  H.,  301,   304. 
Beamor  brick  yard,  646. 
Bear  creek.  57.  588. 
Beard-tongue,  foxglove."  154. 
Beatty  quarry,  431. 
l^oaver  creek,  471. 
Becker  brick  yard,  647. 
Bedstraw.  203. 
Bcebo  quarry,  353. 
Beech.  i)lue.  154,  176. 
Brpgar's  lice,  1»>0.   1'..'!).  .  . 

Beggr,r-ticks,  21  f. 
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Bellerophon,  254,  595. 
Belleyue,  elevation  of,  583. 
Bellflower,  205. 
Bellwort,  157,  171. 
Bennett  well,  351. 
Benson  quarry,  486,  499. 
Bergamot,  wild,  201. 
Berteroa  incana,  185. 
Bessey,  Chas.  E.,  cited,  5. 
Bftlula,  oil  of,  161. 
Betu^  lenta,  154,  162. 
iM^fro,  153. 
pcnHfirifera,  154,  176. 
Beyer,  S.  W.,  cited,  461,  465,  476,  482, 
S07. 
Mineral  staUstics,  17. 
work  o£»  5. 
Bicuculla  bicucuUaria,  l%i. 

canadensis,  158,  184. 
Bidens,  160. 

cemua,  210. 
connata,   210. 
frondosa,  210. 
Bindweed,  159,  199. 
Birch,  153,  154,  155,  176. 
Bishop's  cap.  158,  186. 
Bittersweet,  153,  155,  176,  192. 
blackberry,  154,  187. 
Black-eyed  Susan,  209. 
Black  Hawk  county.  Geology  of,  407. 
alluvium        and 

terraces,    445. 
altitudes    in,    417. 
area,  410. 
Buchanan       gra- 
vels,  441. 
building       stone, 

448. 
Cedar  Valley 

limestone,   421. 
clay,  449. 
Cretaceous  mater- 
ials in  drift,  446. 
deformations,  447. 
Devonian  system, 

420. 
drainage,  418. 
economic         pro- 
ducts, 448. 
geological   forma- 
tions, 420. 
lowan  drift,  445. 
Kansan  drift,  439. 
lime,  449. 
loess,  445. 
physiography, 

412. 
Pleistocene     sys- 
tem, 439. 
road       materials, 
460. 


soils,  393. 
stratigraphy,  419. 
topography,    412. 
unconformities, 

448. 
v/apsipinicon 
stage,  420. 
water  power,  452. 
supply,  450. 
Bladder  nut,  154,  155,  192. 
Bladderwort,  203. 
Blazing-star,  157,  206. 
Blephariglottis  leucophaea,  157,  173. 
Blephilia  hirsuta,  201. 
Blood-root,  158,  184. 
Blue  bell,  156,  200. 
flag,  173. 

grass,  159,  160,  167. 
joint,  166. 
stem,  165,  168. 
Bonair,  altitude  of,  57. 
Boneset,  206. 

Botrychium  virginianum,   157,   163. 
Bouteloua  curtipenduUij  167. 

racemosat  167. 
Bowlder  wall,  518. 
Bowlders,  129,  373,  444,  489. 
Box-elder,  153,  155,  156,  193,  552. 
Boyer  quarry,  256,  291. 
Boyer  river,  522. 
Brainard  shale.  97. 

character,    108. 
relation   to   Devonian, 
109. 
Brake,  164. 

Brandon,  elevation  of,  583. 
Brassica  alba,  184. 

arvensis,  159,  184. 
nigra,  159,  161,  184. 
sinapistruMt  184. 
Bremer,  elevation  of,  327. 
Bremer  county.  Geology  of,  319. 

altitudes,       table     of, 

324. 
Buchanan    gravels, 

370. 
building  stone,   391. 
Cedar    Valley      stage, 

351. 
clay,  392. 

crushed  stone,   391. 
Devonian   system,   420. 
drainage,    326. 
economic    products, 

391. 
geest,  360. 
general  relations  of 

strata,  335. 
lowan  drift,  371. 
Kansan    drift,    363. 
lime,  392. 
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loess,  371. 
paha,  377. 
physiography,  324. 
Pleistocene    system, 

361. 
pre-glacial    topography, 

386. 
section    Sumner     well. 

402. 
section   Waverly     well, 

398. 
Silurian  system,  342. 
soils,  393. 
stratigraphy,    335. 
water  power,  394. 
water  supply,  395. 
Bremer  river,  387. 
Brick,  price  of,  27. 

production  of,  27.  28,  30. 
Brickyard,   Beamer,  646. 
Becker,  647. 
Burr.   295. 
Cretzmeyer,  393. 
Decorah,  138. 
Fox,    478,    502. 
Hicks,  543. 
Jenkins,  295. 
Kohler.  296. 

Maquoketa  Brick   Co.,  046 
Mellon,  294. 
Monona,  295. 
i.  reston,  646. 
Stead  Bros,  and   Guenther, 

449. 
Waterloo   &     Cedar      Falls 

Brick  Co..  449. 
Wilson  Bros.,  501. 
Waverly  Brick  Co.,  393. 
Bridgeport,  elevation  of,  583. 
Brltton.  N.  L.,  cited,  148. 

and   Brown,  cited,   148. 
Hollick  and.  cited,  148. 
Brome  grass,  167. 
Bromu^  asper,  168. 

ciliatus,  159.  167. 

kalmiU  159,  167. 

purgans,  167. 

racemosu.^     commutatus,     160, 

168. 
secalinus,   160,   168. 
Brown,  Britton  and,  cited.  148. 
Brunella  vulgaris,  201. 
Brush  creek,  589. 
Bucania  chicagoensis,  617. 
Buchan  quarry,  433. 
Buchanan   gravels.    122.    284.   370,   441, 
489,   533. 
origin    of.    122. 
phases    of,    122. 


Buckeye,  155,  156. 

Buckwheat,  179. 

Buena  Vista,  lead  mines  at,  298. 

Bugle-weed,  purple,  201. 

Buhr  well,  340. 

Bunding  atone.  133,  290,  391,  448,  491), 

545.   u42. 
Bulletins,    educational,    publication    or 

by  Survey.  6- 
Bull-rush,  169. 
Burdette,  elevation  of,  466. 
Burdock,  159,  211. 
Burning  bush,  192. 
Bur-marigold,  nodding.  210. 
reed,  170. 
seed,  199. 
weed,  205. 
Burr  brickyard,  295. 
Bursa  hursa-pastoris,  159,  184. 
BuBh-clover.  190. 

Butler  township,  elevation  of,  583. 
Butter-and-eggs.  202. 
Buttercup,  157,  183. 
Butternut,  153,  155,  175. 
Button-bush    153. 
Byssontfchia  radiata,  603,  608. 

Cabbage,  skunk,  171. 
Cacalia  atriplicifolia,  211. 
reniformis,  211. 
suaveoJens,  211. 
tuherosa,  211. 
Calamagrostis  canadensia,  159,  166. 
Calamus,  162.  171. 
Calmar,  altitude  of,  57. 
Caltha  paJustris,  157,  182. 
Calvin,  S.,  cited,  45,  237,  239,  241.  243. 
248,  '^vo,  274,  284,  347,  411,  423,  43», 
441,  452.  461.  478,  480,  481,  483,  507. 
548.  593.  596,  597,  601,  607,  613.  ooi. 
G48. 

Geology     of    Winne- 
shiek   county,    3'< . 
Calymenc  mammilata,  601. 

senaria,  608. 
Cambrian  system,  62,  237. 
Camelina  sativa,  160.  185. 
Camerocera^  protei forme,  84. 
ramerotoerhia,   344. 
Campanula  americana,  205. 
aparinoides,  205. 
perfoUata,  205. 
rotundifolia,  204. 
Camp  quarry.  435. 
Campion.  157    181. 
Camptosoru^  rhizophyllus,  164. 
Canada  balsam.  161. 
Canadmn  series.  64. 
Candy  grass.  167. 
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Cannabis  sativa,  160,  I78. 
Canoe  creek,  57. 
Canton,  elevation  of,  583. 
Capnoides  micranthum,  157,   184. 
Gapsclla  bursa-pastoris,  185. 
Carboniferous  system.  481,  625. 
Cardamine  bulbosa^  184. 
hirsuta,  184. 
rhomboidea,  184. 
Carduus  allissimuSy  211. 

arvensis,   159,    211. 
discolor,  211. 
hillh  211. 
iowensis,  211. 
lanceolatus,  159.  211. 
muticus,  211. 
Carcx  albursina,  169. 

amphibola,  169. 

cephalophora,   169. 

rristatcUa,  170. 

festucacea,  170. 

gravida,  169. 

grisea,  169. 

hystriclna,  169. 

laxiflora,  169. 

longirostris,  169. 

lupulina,  169. 

pennsylvanica,  169. 

rosea,  169. 

sparganoides,  169. 

stipata,   169. 

straminea,   170. 

stricta,   169. 

tenera,  170. 

in&MZot(ie5,  169. 

vulpinoidea,  169. 
Carpenter  quarry,  section   of,  427. 
Carpet-weed,  180. 
Carpinus  caroUniana,  154,  176. 
^  arrion-flower.  172. 
Carter,  Mrs.  M.  C.  148. 
r-vrt/rt  al&a,  176,  558. 

amara,  176. 
('aryocrinus  ornatus,  616.  645. 
Cassia  chamaecrista,  160,  189. 
Castalia,  altitude  of,  57. 
i.'astalia,   156. 

odorata,  182. 
Castilleja  coccinea,  203. 
Catalpa,  155,  156. 
Catchfly.  sleepy,  181. 
Cat-brier,  561. 
V  atnip,  201. 
(\it-tail,  157,  170. 

Caulophyllum   thalictroidcs,    162,    183. 
('aves.  Winneshiek   county,   141. 
Ceanot7?M5  americona,  154,  193. 

ovatus   pubescens,   154,  193. 
('fdar  Falls,  altitude  of,  417. 

water  supply  of,  451. 
Cedar  river.  330,  415,  418.  467. 


Cedar  River  Stone  Co.,  391. 
Cedar  Valley  limestone,   (see  also  De- 
vonian). 

analysis  of,  355.  358 
in  Black  Hawk  Co.,  421. 
Bremer   Co.,   351. 
Winneshiek   Co..    113. 
sections,   352,   359,     421. 
438. 
Cedars.   153,   154,  155.  156,  165,  562. 
Cclastrus  scandens,  153,  192,  553. 
Celtis  crassifoUa,  153.  178. 

occiden talis,  178,  558. 
Cement.    Portland,    plants    erected    in 

Iowa,   36. 
Cenchrus  tribuJoides,  160,  166. 
Cephalanthus,   153. 
Cerastium  arvense,  181. 

arvrnse   oblongifolium,    181. 
JongipeduncuJatum,    181. 
nutanSt  181. 
Ceratodus,  357. 
Crrionites  dactyUoides,  616. 
Chalk.  530. 

Chamaenerion  angustifolium,  167,  195. 
Chamberlin,  T.  C,  cited,  64,  219. 
Chapin,  elevation  of.  466. 
Chase  well,  351. 
Cheilanthis  feei,  164. 

lanuginosa,  164. 
Chelone  glabra,  202. 
Chenopodium  album,  160,  180. 
glaucuTfi,   180. 
hybridum,  180. 
Cherry,   153,  154,  155.  189,   555. 

.ground,  160. 
Chickweed,  159,  181. 
Chicory,  160,  205. 
Chimaphila  umbellata,  161,  197. 
Choke-berry,  188. 

cherry,   154,   156,   565. 
Chrysanthemum  leucanthemum,  210. 
Chrysopogon  nutans,  165. 
Chrysosplenum   alternifolium,  186. 

iowensis,  186. 
Gichorium  intybus.  160,  205. 
Cicuta  maculata,  196. 
Cincinnati  shales,  94. 
Cinna  arundinacea,  159.  166. 
Cinquefoil.  153,  187. 
Cirraca  alpina,  195. 

lutetiana,  195. 
Cladonora  magna,  421. 
palmata,  44. 
prolifera,   453. 
Clammy-weed.  185. 
Clamf=,   305. 

1  lark,  ,Tohn  M..  cited.  84. 
Clausing  well.  339.  . 
Clav.    (See  also  brickyards),  138.  293. 
31.-',  449,  501,  543,  646, 
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Clay  production  by  counties,  28. 
by  years,  19,  30. 
classified,  27,  30. 
rank  of  Iowa  In,  29. 
Clayton  county,  Geology  of,  213. 
alluvium,  289. 
area,  217. 

Buchanan  gravels,  284. 
building  stone,   290. 
Cambrian  system,  237. 
clams,  305. 
clay,  293. 

comparative  table  of 
geological  forma- 
tions, 239. 
deformations,  289. 
drainage,  231. 
V  driftless  area,  220. 

economic  geology,  290. 
Galena  limestone,  247. 
glass  sand,  297. 
lowan  drift,  285. 

plain,    229. 
Kansan  drift,  281. 
lead,    298. 
lime,  296. 
loess,  286. 
Lower  Magnesian 
limestone,  239. 
Maquoketa,  266. 
Niagara  limestone. 

275. 
Oneota  limestone,  239. 
Ordovician    system, 

239. 
physiography,  219. 
Pleistocene   system, 

281. 
residual  materials, 

281. 
road  materials,  297. 
Saint  Croix  sandstone 

237. 
soils,  290. 
stratigraphy,   233. 
synoptical  table,  234. 
terraces,  287. 
topography,   219. 
Trenton  limestone, 

247. 
unconformities,  289. 
water  power,    305. 
water  resources.  300. 
Claytonia  virginica,  157,  180. 
Cleavers,  203. 
njematis  verticiUaris,  183. 

virginiana,  157,  183. 
Clermont  shales,  98. 

exposures,  105. 
Clionychia     lamellosa      iambonychia) , 
254, 


Clover,  157,  159,  160,  189,  190. 
Club-moss,  164. 
Cnicus  altissimus,  211. 

arvensis,  211. 

lanceolatus,  211. 

muticus,  211. 
Coal  in  Sac  and  Ida  counties.  546. 
Coal  production  by  counties,  24. 
by  years,  19,  26. 
rank  of  Iowa  in,  2b. 
Cocklebur,  160,  206. 
Cock-spur  thorn,  556. 
Coeloglossum  hracteatum,  173. 
Cohosh,  blue,  183. 
Cold  spring,  139. 
Colorado  stage,  529. 
Columbine,  156,  158,  182. 
Comandra  umhellata,  178. 
Compass-plant,  209. 
Cone-flowers,  160,  209. 
Conglomerate  deposits,  125,  626. 
Conium  maculatum,  196. 
Conularia  trentonenaiB,  100. 
Convolvulus  arvensis,  199. 
sepiunit  199. 
Coon  river,   523. 
Corallorhiza  multiflorat  174. 
Coral-root,   174. 
Coreopsis  palmata,  210. 
Cornus  altemifoUum,  153,  197. 

amomum,  153. 

asperifolia,  153. 

candidissima,  154.   196. 

circinata,  153,  196. 

paniculata,  196. 

stolonifera,  153,  196. 
Corydalis  micrantha,  157.  184. 
Corylus  americanOj  153,  176,  569. 

rostrata,  176. 
Cotton  well,  351. 
Cottonville,  elevation  of,  583. 
Cottonwood,  153,   155,   156,   174,   560. 
Couch-grass,  168. 
Coulter,  elevation  of,  466. 
Crab-apple,  153,  155,  188,  555. 
Crab-grass,  smooth,  165. 
Crabb  Hill,  elevation  of,  583. 
Cracca  virginianay  190. 
Cranberry,  bush.  154,  203. 
Crane's-bill,  157,  191. 
Crataegus,  153. 

coccinea,  188. 
rrus-galU,  188,  556. 
macracantha,  189. 
punctata,   188.  556. 
tomentosa,  189,  556. 
Cratty.  R.  I.,  cited,  148. 
Cresco,  elevation  of,  57. 
Crescp-Calmar  ridge,  45,  56. 

effect  on  drainage 
57. 
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Cress,  184,  ,       .. 

Cretaceous  miaterial  in  drift  ot   UlacK 

HawTc  Co..  44G. 
Cretaceous  strata,  section  in,  o«i 
Cretaceous  system,  52G. 
Crowfoot,  183. 
Crushed  stone,  391. 
Cryptogramma  stelleri,  1G4. 
Cryptotacnia   canadensis,   19G 
Cryptozoon,   243. 
Ctpnodohta,   594. 
Culver's  root,  202. 
Cup-plant,  209. 
Currants,   153,    155.   18G,   554. 
Cuscula  ccphalanthi,  160.  199. 
ffiomrrata,    199. 
fjronovii,    KJO.    199. 
paradoxa,  160,  199. 
Cut-grass,  rice,  1G.6. 
Cynthia,  205. 
Cyperus,  168. 
tjjperus  (liandrus  168. 

esculent  us,  168. 
filiculmis,  1G8. 
sclnrcinitzii,  168. 
Cypress,   168. 
Cypripedium.  157. 

candid  win,  173. 
hirsutum.   162.    173. 
parvifloruvi,   162,   173. 
pubesccns,  173. 
reginac,  173. 
Hpcvtahilc,  173. 
Cyrtina    hamiltoneiisis,    115,    116.    345, 

420,  422. 
Cyrtoceras  luthei,   243. 
Cyrtodonta,   608. 
Cyrtodonta  gj-andis,  254. 
Cyrtolitcfi   ornafus,   Gn.'). 
VystiphyUu))!   ainrricaninn,  422. 
Cystoptcris  hulfnfera,  158,  163. 
fragilis,  157.  163. 

Dactylis   qlouicrata,   159,    160,    167. 
Daisy,  208.  210. 
Dakota  sandstone,  526. 
Dandelion.  159,   205. 
Dasiphora  fruticosa,   153,   187. 
Datura,  159. 
i^avis,   Floyd,   648. 
Davis.  Wm.  M.,  cited,  6. 
Dayton  township.  388. 
»^ean  quarry.   354. 
Decorah,  altitude  of.  57. 
brickyard,  138. 
ice  cave,  46,  142. 
Docorah  .shale,  character,  84. 

distribution,    si, 
exposures,    86. 
fossils,  85. 
use  of  term,  61. 


Deep  cn»ek,  589.  .  ,      •    .,    . 

Deformations,  289,  447,  640.      '  • 
Dehn  quarry,  259,  292.        ,    .. 
Delaware,  term  alpandoned,  234.. 
Delphinium  azureuvi,  182. 

carol  i  n  ian  u  m,   18  2 . 
Dcntaria  laciniata,  184. 
Denver  Junction,  elevation  of.  327. 
Denver  loess — Kansan  area,  367.  . 
Dcringa  canadensis,'  19^. 
Dc^iVKjdeuni  arutitinatum.  190. 
parviflorum,  190. 
Des  Moines  sandstone,  quarries  in,  641. 

stage.   625. 
Devonian  fishes.  356. 

limestone^,  character,   115. 

occurrence^,  114. 
relation    to     Ma- 
quoketa,    114. 
Devonian  system,  45,  113.  345.  420,  477. 

621. 
Dewar.  elevation  of,  417. 
ppwberry.  154,  187. 
Dhentra   canadensis,   184. 

cucullaria.  184. 
Diclasma  io^rcnsis,  116. 
DierviUa,    154. 
Ditiichthys  pustulosus^  356. 
Dioscorca  villosa,   173. 
Diplagraptus  peosta,  100. 
Dipnoan   tooth,   356. 
J)irca  palustris,  153,  195. 
Discover  as  conoideiis,  617. 
DitchniOss,  170. 
Dock,  curly,  159.  160,  179. 
Dodders,    160,   199. 
Dodecatheon   meadia,  156.   157,  197. 
Docllingcria  Jficmilis,  209. 

unihellata,  209.  * 
Do.i^bane,   198. 
Dos-fennel.  159,  210. 
Dogwood.  153,  154,  155.  196. 
Dolomite  quarry.   276. 
Doorweed.  179. 
Douglas  township,   389. 
Dows.  brickyard.  500. 

elevation  of.  4(i(\. 
Draha  caroliniana,  185. 
Dragon-head,  201. 

root.  171.  .   .  - 

Drainage  of  Black  Hawk' county,  4.S. 

Bremer  county,  327. 

(Clayton   county.   231. 

Franklin    county,    467. 

.lackson  county.   584. 

Sac  and  Ida  counties,  521 

Winneshiek   county,   57. 
Driftless  area.  43.  47,  220. 

topography,  121,   Tin. 
Dropseed.   166. 
I>:tfm(f<(:-lis  arguia,  187. 
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Duckweed,  171. 

Duggan,  elevation  of,  583. 

Dunes,    580. 

Dunkerton,  altitude  of,  417. 

Dutchman's  breeches,  184. 

Eads  quarry,    620. 

East  Waterloo,  elevation  of,  417. 

Eastman,  C.  R.,  cited,  356,  405. 

Eatonia  pennsylvanica,  167. 

Eccyliopterus,  254. 

Echinocystis   lohata,   204. 

Economic  products,  133,  290,  391,  448, 

498,  542,  642. 
Eel-grass,  170. 

Elder,  153,  154,  155,  203,  205,  557. 
Elecampane,  209. 

Elevation  of  strata  at  Sumner,  401. 
at    »Vaverly,  401. 
Elgin  shaly  limestone,  98. 

cnaracter,    102 
exposures,    103. 
Elkader,  water  supply,  300. 
EUisia  nyctelea,  199. 
Elm,   153,  154,  155,  156.  178,  557. 
Elocharis  ovata,  168. 

paliistriSf  168. 
Elodea  canadensis,  170. 
Elymus  canadensis,  168. 
hystrix,  168. 
robustus,  168. 
striatus,  168. 
Emeline,  elevation  of,  583. 
Encrinurus  nerexis,  344. 
Endoceras  proteiforme,  84. 
Enothera  biennis,  195. 

serrulata,  195. 
Eolian  deposits,  638. 
Epilobum  adenocaulon,  195. 
angustifolium,   195. 
coloratum,  195. 
Eqiiisetum  arvense,  163. 
hyemale,  163. 
laevigatum,    163. 
robustum,  163. 
Eragrosiis  frankii,  167. 
major,  167. 
purshii,  167. 
Erechtites  hieracifolia,  160,  211. 
Erigeron,  oil  of,  161. 
Erigeron  annuus,  208. 

bellidifolius,  208. 
canadensis,  208. 
philadelphicus,  208. 
pulchellus,  208. 
ramosus,  208. 
strigosus,  208. 
Eriophorum  cyperinum,  169. 
Eryngium  aquaticum,  196. 

yuccaefoUum,  196. 


Erysimum  cheiranthoides,  186. 
Erythronium  alhidum,  167,  172. 
americanum,  172. 
Euomphaliis  hicarinatus,  618. 
tricarinatus,  618. 
Euonymus  atropurpureus,  153,  162,  ]^6 
Eupatorium  ageratoides,  158,  206. 
altissimum,   206. 
moculafum,  206. 
perfoliatum,  161. 
imrptfreum,   206. 
rydbergii,  206. 
Euphorbia,  160. 

commutata,  192. 
corollata,  192. 
cyparissias,  192. 
macttZata,  192. 
nutans,  192. 
presW,  192. 
Euthamia  caroliniana,  207. 

graminifolia,  157,  207. 
Everlasting,  plantain-leaf,  209. 

Fagopyrum  escuJentum,  179. 
fagopyrum,   179. 
Falcata  comosa,  191. 
pitcheri,  191. 
Falcher  well,  362. 
Farmers  creek,  688. 

township,  elevation,  583 
Farrington  well,  362. 
Faulkner,  elevation  of,  466. 
Favosites  favosus,  343,  613,  614. 
hisingeri,  343,  614. 
niagarensis,  614. 
polymorpha,  422. 
Ferns,  157,  163,  164. 
Ferretto  zone,  534. 
Fescue,  nodding,  167. 
Festuca  nutans,  167. 
octoflora,  167. 
teneUa,  167. 
Fever-few,  American,  209. 
Figwort,  Maryland,  202. 
Fir,  balsam.  155.  156,  165. 
Fire-weed,  160,  211. 
Fieh  remains  at  Waverly,  366. 
Fitzpatrlck,  T.  J.,  cited,  149. 
Five-flnger,   187. 
Flax,  160,  185,  191. 
Flea-bane,  160,  208. 
Flenniken,  J.  C,  307. 
Flora,  importance  of.  149. 
Flora   of  Winneshiek   county,   charac- 
ter of,  147. 
Flowering  plants  of  Winneshiek  coun- 
ty, 164. 
Forage  plants,  159. 

Foraminifera   from   Cretaceous   chalK, 
526. 
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Forest  problem  of  Winneshiek  county, 

160. 
Forestry  notes,  Sac  and  Ida  counties, 

649. 
Fort  Atkinson  limestone,  98. 

character,  106. 
exposures,  106. 
quarries,  137. 
Fort  Benton  shale,  529. 
Four  o'clock,  180. 
Fox-tail,  166. 
Fragaria  americanum,  187. 

virginiana,  187. 
Franklin  county,  Geology,  449. 
altitudes,  466. 
area,  457. 
Buchanan      gravels, 

489. 
Carboniferous      sys- 
tem, 481. 
clays,  501. 
Devonian        system, 

477. 
drainage,  467. 
economic      products, 

498. 
general  relations  of 

strata.  472. 
geological        forma- 
tions,     table      of, 
473. 
Hackberry      shale, 

477. 
lowan  drift,  489. 

area,  459. 
Kansan  drift,  488. 
Kinderhook      lime- 
stone, 481. 
Kinderhook      lime- 
stone,        sections, 
483. 
Lime  creek     shales, 

477. 
moraines,  463. 
Owen  beds,  479. 
physiography,  458. 
Pleistocene     system, 

488. 
post-glacial   deposits, 

494. 
sand  and  gravel,  503. 
soils,  495. 
stratigraphy.  472. 
streams,   468. 
topography,  458. 
water  power,  607. 
water  supply,  605. 
Wisconsin  drift,  492. 
area, 
463. 


gravel 
trains 
and   ter- 
races, 
493. 
Franklin  township,  388. 
Fraxinus  americana,  153,   197,  556 
I  2anc€0lata,  153,  197,  556. 

I  nigra,  153,  198. 

pennsylvanicat  154. 
sambucifolia,  198. 
viridis,  197. 
Frederlka  township,  389. 
Frostweed,  hoary,  194. 
Fulton,  elevation  of,  583. 
Fusispira  angusta,  254. 

elongata,  93,  94,  254. 
in/lata,  94,  254. 


Galena  limestone,  character,     88,    258, 

276,  593. 

distribution,  87,  263. 
279,  593. 

dolomitization,  264. 

effect  on  topo- 
graphy, 61,  228, 
576. 

599. 
fossils.  90,  261,  694. 
quarries  In,  136,  291, 
642. 
suitability  for  lime, 

138. 
thickness,  87,  264. 
Galona-Platteville   limestone,    80,     247, 

259,  592. 
Oalcopsis  tetrahit  201. 
Oaleorchis  spectabilis,  173. 
Oalium  aparine,  203. 

asprellum,  203. 
horeale,  203. 
concinnum,    203. 
Garry  Owen,  elevation  of,  683. 
Gas,  546. 

Oaura  parviHora,  195. 
Geest,  59,  117,  281,  360,  439,  497,  632. 
Geneva,  elevation  of,  466. 
Gentian,  157,  198. 
Oentiana  alha,  198. 

andrewsii,  168,  198. 
crinita,  198. 
ilavida,  158.  198. 
puherula,  157,  198. 
quinqueflora,  198 
fjuinquefoHa  occidentalism 
198. 
Geological     formations,       comparative 
table  of,  239. 
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Geology  of  Black  Hawk  county,  407. 
Bromer  county,  319. 
Clayton  county,  213. 
Franklin  county,  449. 
Jackson  county,  503. 
.    Sac  and  Ida  counties.  509. 
Winne.^;hiek  county,  37. 
(ieraniuin  manUatum,  157,  1G2,  iJl. 
Gerardia,  202,  203. 
(Jerardia  aspera,  202. 

purpurea,  2i»2. 
tenuifolia,    203. 
Geum  macroph]iUum,  187. 
triflorum,   187. 
inrpinianmn,   187. 
(xlnseng,  196. 

Glass  sand,  analysis  of,  297. 
Glccoma  heOcracca,  159.  201. 
Gleditsia,   153. 

tridraiithusy   553. 
Glen  wood  cave,  141. 
Glenwood   ohale,   character  and   distri- 
bution, 74. 
use  of  term,  01. . 
Glyceria  amcricana,  107. 
grand  is,  107. 
7icrrata,  107. 
Gnaphnlium   oh t us i folium,  209. 

poJycephalum,  209. 
Goddard.  Herbert  E.,   Ii8. 
Gold,  Winneshiek   county,  140. 
Goldenrod.  157,  158,  200.  207. 
Golden  seal,  182. 
Goodyera  puhcsvrns,   174. 
Goose  Lake  channel,  585. 
uooscberry,   l.)">.   1^0.   554. 
Goosefcot.  180. 
Gordons    Ferry    Station,    elevation    of. 

583. 
Gower  stage,  019. 

fHiiUTi«'S  in.  043. 
Grant  City,  ccnl  near.  540. 
Grape,  wild.  153.  103,  552. 
Grasses,   157.    159.   100.    105,   M7.      108, 

173,  1S5. 
Gratiola  virffiniaua,  202. 
(Travel.  Sac  and  Ida  counties.  544. 
Gravel   trains,  Wisconsin,  493. 
Gravels.  Wisconsin,  539. 
(Jray.  Asa.  cited.  148. 
dreen  Island,  elevation  of,  5S3.- 
iireen  quarry,  130. 
Green  Shales,  592. 
Greenbrier,    hispid.    151.    172.    501. 
Gromwell,  20  ). 
(;round  cherry,  202. 
Ground-nut.  191. 
Groundsel,  balsam.  211. 
Gue.  B.  F.,  cited.  217. 
Guttenberfr.  lead  mines  at,  299. 
Gypidula  Ir-viuscula,  422. 


Gypsum,  production  of  in  Iowa,  3. 

in  1903,  19. 

in  1904,  19. 

in   lt;05,  19,   34. 
Gyrotitachys  gracilis,  174. 


Hahenaria  bractcata,  173. 
hookeri,  173. 
hyperborea,  173. 
/('wcop/?aea,  173. 
Hackberry,   153,   155.   156,  178,   558. 
Ilackberry  shale,  477. 
Hall.  James,  cited,  40,  64,  80,  94,  218, 

324,  410. 
Halloran  quarry,  134,  135. 
rialysites  catniiilatus,   278.     343,     344, 

013,  014.  010. 
Hamamclis   virginiana,  101. 
Hampton,  elevation  of,  466. 

well,   analysis,  500. 
section,  471. 
Hansen,  elevation  of,  406. 
Harmon  quarry,  436. 
Harebell,  204. 

Harris  &  Cole  quarry,  429. 
liartgrave  creek,  468. 
Hawkweed,  205. 

Haws.  153.  154.  155.  188,  189.  204,  557. 
Hazel,    153.   170,   559.       * 
Heal-all,  201. 
Hcdcoma  hispid  a,  201. 

pulegeoidrs,   161. 
Hclcnium  aut-umiiale,  210. 
HeUanihrmum  ranadense,  194. 

7)1  a  jus,  194. 
Ilvliauthus  arifinus,  160,   20,). 
dccapetaUis,  210. 
grosse-scrratus,  160,  210 
occidentalism  210. 
rigidus,  160,  210. 
scabcrrimus,  210. 
strujnosus,  210. 
strvmosus     macrophyllwi, 
210. 
JleUoliles  interstinctus,  614. 
rnrgastomus,  614. 
subtubvlatus,  343. 
HcUopsis  scabra,  209. 
Hemlock,  155.  196. 
Hemp,  lOO.  178. 
Hemp.  Indian.  198. 
Henrv.  Joseph,  302. 
Ifrpafica  acuta,  157.  182. 
acutiloba.  182. 
lanatum,  190. 
IhrucUuw.  lanatum,  190. 
Hesper.  altitude  of,  57. 
Hcteracanthus  politus,  350. 
Tfcuchrra   Jiispida,   180. 
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Hickory,  154,  155,  176,  558. 
Hicks,  Geo.,  548. 

brickyard,  543. 
Hicoria  minima,  154,  176. 

ovata,  lo4,  176. 
Hieracium  canadense,  205. 

scabrum,  205. 
Hoarhound,  water,  202. 
Hoary  alder,  176. 
Hoen,  A.  B.,  analysis  of  limestone  by, 

1.  7. 
Hollick  and  Brltton,  cited,  148. 
Ho2opea  turgida,  243. 
Holway.  E.  W.  D.,  148. 
Honewort.  196. 

Honeysuckle,  153,  154.  155,  204. 
Hop-hornbeam,  559. 
Hopkinton,  use  of  term.  234. 
Hopkinton  stage.  109,  609. 

quarries  in,  643. 
Hordeum  juhatum.  160.  168. 
Hormotoma  gracilis,  104. 

major,  90,  93,  94. 

salteri,  255. 

subangulata,  594. 

trentonensis,  93,  254. 
Horse-geniian.  204. 
Horse-radish,  184. 
Horsetail,  184. 
Horse-weed,  160.  208. 
Hudson,  altitude  of.  417. 
Hudson   river  shales.  94. 
Humulus  lupulus,  161. 
Hurst  quarry.  615. 
Hurstville,  elevation  of,  583. 
Hydrangea.  157. 
Hydrastis  canadensis.  162,  182. 
HydrophyUum    appcndicuJatum,   199. 
vinjinicum.  158,  199. 
Hypericum  ascyron,  194. 

canadense,  194. 

cistifolium,  194. 

maciilatum,  194. 

perforatum,  160. 

sphaerocarpon,  194. 
Hypopitys  americana,  197. 
Hypoxis  erecta,  173. 

hirsuta,  173. 
Hyssop,  201,  202. 


Ice  Cave,  Decorah,  142. 

cause,  144. 

temperature,  144. 

thickness  of  ice,  143. 
Ida  county.     (See  Sac). 
Ida  county,  topography,  514. 
Idiostroma  gordiaceum,  427. 
Idiostroma  bods,  428. 
Illsenus,  343. 


JUacnus  americanus,  254. 

impcrator,  617,  618. 
insignis,  112. 
Impatiens  aurea,  193. 
hiflora,  193. 
fulva,  193. 
pallida,   193. 
Independence  shale,  340. 
Indian  pipe,  lOG. 

turnip,  170. 
Indigo,  153,  155.  189.  .^53. 
Inoceravius  lahiatvs.  530. 
Inoceramus  beds,  oUO. 
Inula  helenium,   209. 
lodanthus  piv.natifidus,  184. 
Iowa  river,  471. 
lowan  bowlders,  derivation  of,  375. 

drift,    128,    2S5,    371,    443,      4tJ, 
534,  634. 
border,  54. 
bowlders.  372,  4U0. 
character,  128.  285. 
distribution,   128. 
sections,   443. 
soils,  49G. 
thickness,  286. 
topo.c:rnphy,  128,  230.  569. 
types,  371. 
lowan  drift  area,  229,  459,  634. 
lowan  loi^ss.       (F^ee  Loess). 

sand  terraces.  129. 
Ipomoea  pandurata,  108. 
Iris  versicolor,  159.  162.  173. 
Iron,  prospoctin?::  for,  36. 
Iron  Hill,  elevation  of.  583. 
Iron -weed.  "206. 
Iron  wood,  ir»4,  170,  559. 
Isanthus  hrarhhitxis.  200. 
Lscfiaditcs   /o'/cy/s/"?,   04,   254. 
Isopyrum   hitcrn<it\r,n.  157,  182. 
fsutrhis  gif/as.  101.  lOS,  254,  608. 
iotif  nsiSf   OS. 

nuLTiniKS,  OS.  99,  100,  270. 
Isotelus  beds.  OS.  00,  270,  274. 
Iva  xanthiifolia,  IGO,  205. 
Ivy.  153,  159.  192,  201. 

Jackson  county.  Geology  of,  563. 

alluvial  areas,  579. 
altitudes,  table  of,  583. 
building  stone,  643. 
Carboniferous  system 

625. 
clays,  040. 
deformations.    640. 
Devonian  system,  621. 
drainage,  584. 
economic        produots, 

642. 
lowan  drift,  634. 
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Kansan  drift,   623. 
lime,  644. 
loess,  036. 

Maquoketa  stage,  i)V»V 
Niagara  series,  609. 
Ordovician         system 

592. 
physiography,    568. 
residual       materiiil. 

030. 
sand.    040. 
soils,  639. 
stratigraphy,   590. 
topography,  568. 
unconformities.  Oil. 
water  supplies,  647. 
Jackson  township,  390. 
.  acob's  ladder,  150.  157,  199. 
.lacob's  Siding,  elevation  of,  417. 
lanesvillc.  elevation   ol',   ;-.27,  417. 
.lefferson  township,  390. 
.'esup,  altitude  of,  417. 
•loe-pye  weed,  200. 
.Jordan  sandstone,  62. 
■  'uglans  ciuerea,  102,  175. 

nigra,   153,  175,   558. 
/uncus  nodosus,  171. 

tenuis,  160,  171. 
vaseyi,  171. 
.lune-berry.  154,  155.   188. 
Juniper,  154,  105,  502. 

oil  of,  101. 
funiperus  communis,  101.  105. 

virgin  tana,   154,    10,').   502. 

'.ansan    drift,    119,    281,    303.    439,   488, 
531,  023. 
character,  121,  282   303, 

440,  531,   033. 
distribution,     119,     282, 

303. 
sections.  282,  304. 
thickness.  44o.  634 
tonoG;rapny,      53,        281 
305,    441. 
Kasota  limestone.    131. 
Kent,  Chas..   548. 
Keycs.  C.  R..  cited,  440. 
Keystone  Lime  Co.,  045. 
Kimball,  H..  cited.  145. 
Kinderhook  limestone.  420.  481. 

cliaracter,  482. 
quarries,  498. 
sections,    483. 
Knotweed,   179. 
Koeberle.  John.   405. 
Koehler  lime  kiln.   290. 
Koehria  crisfata,  107. 
K  or  Ilia  flaxuosa,  201. 

virginicus,  201. 
Kohler  brickyard,  296. 


Kovarik,  A.  F.,  acknowledgmt  nts    .  .». 
148. 

cited,  47. 

work  on  Ice  Cave,  im 
Krigia  ample xicaul is,  205. 
eupatorioides,  206. 
Kuhnia  glutinosa,  206. 
Ku?uiistcra  Candida,  157,  190. 

purpurea,  l^i,  190. 

Lacinaria,  157. 

cylindracea,  206. 
pycnosiachya,  206. 
scariosa,  206. 
Lactuca  canadensis,  205. 

scariola,  159,  205. 
Ladies'  slippers,  157,  173. 
Lafayette  township,  390. 
Lainsville,  elevation  of,  583. 
Lamb's  quarters,  160,  180. 
La  ?!olte,  idevation  of,  583. 
L:i  Porto  City,  elevation  of,  417.  * 
Laportea  canadensis,  178. 
Lappiila  lappula,  199. 
tcxana,  199. 
virginiana,  160,  199. 
Larch,  European,  155,  156. 
Lark-spur,  prairie,  182. 
Lathyrus  achroleucus,  191. 

venosus,  191. 
Lead,    298. 

Lead  and  Zinc,  production  of  in  Iowa, 
in  1903,  19. 
in  1904,  19. 
in  1905,  19,  35. 
Lead   plant.   154. 
Leaf -cup.  209. 
Leather-wood,  153.  195. 
Lechea  stricta,  194. 
Lee,  Chas..  lime  kiln  of,  29b. 
Leek,  wild,  171. 
Leersia  oryzoides,  159,  166. 
Lees,  J.  H.,  acknowledgments,  146. 

work  of,  5. 
Lcmna  trisulca,  171. 
Leonard.  A.  G..  cited,  219,  248. 

Geology     of     Clayton 

County,    213. 
work  of,  5. 
Leonurus  cardiaca,  160,  201. 
Lepachys  pinnata,  209. 
Lcpidiuin  apetaluw,  184. 

intermedium,  184. 
x'irginicum,   160,   184. 
I.rptarnn  unirostata,  115,  272,  602,  606, 

608. 
Lrptandra  virginica,  162,  202. 
Lcptilon  canadense,  160,  161,  208. 
Tjrptoholus  occidentalis,  98,  100. 
Lepforchis  Wiifolia,  174. 

trivittatus,  552. 
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Leroy  township,  388. 
Lespedeza  capitata,  190. 

leptostachya,  190. 
Lettuce,  159,  205. 
Leverett,  F.,  cited,  568.  585. 
Liatris  cylindracea,  206. 
graminifolia,  206. 
pycnostachya,  206. 
scariosay  206. 
Lilium  canadcnse,  172. 

philadclphicuniy  172. 
umhellatum,  172. 
Lily,  156,  157,  172,  182. 
Lily  of  the  Valley,  false,  172. 
Lime,  137,  296,  bi)2,  449,  545,  644. 
Lime  Creek  stage,  477. 
Lime  kilns,  Brodie,   392. 
Hurst,   644. 
Hyler,  646. 
Joiner,    645. 
Keystone,   645. 
Koehlcr,   296. 
Lee,  296. 
Maquokota,   645. 
Stoeffler,   296. 
Limekiln  quarry,  344. 
Lime  Springs,  altitude  of,  57. 
Limestone,  production  of,  in  Iowa,  31, 

32,  34. 
Limnorchis  hj/perhorea,  173. 
Linaria  linaria,  202. 

vulgaris,  202. 
Linden,  551. 
LIngula,  99,  100. 
lAngula  ioicensis,  108,  115,  265,   594. 

riciniformis.  99,  100. 
Linn,  551. 
Linnaea  amcricai^a,  204. 

horcalis,  204. 
Linum  sulcatum,  191. 

usitatissimnm,  191. 
Liospira  vitruvia,  254. 
Liparis  WiifoUa,  174. 
Lithographic    limestone,    116,   428,   436. 
suitable      tor 

Portland 
cement,  117 
Lithospermum  angustifolium,  200. 
cancscens,   200. 
gmelini,  200. 
hirtum,  200. 
latifollum,  200. 
lin ear i folium,   200. 
Liver-leaf,  heart,  182. 
Lobelia,  157.  205. 
Lobelia  inflata,  161.  205. 
leptostachys,  205. 
spicata,    205. 
"Locus  Glacialis*',  143. 
-.ocust,  153.  155,  156,   190,  553. 


I    Loess,   lowan,   130,   286,   376,  445,  490, 

534.   636. 
1  age,  386. 

character,  130,  286,  Si^i 
i  distribution,  382. 

]  older  type,  376. 

on    lowan     drift,     37»^ 
1  461,    490. 

on  paha,  382. 
I  origin,   theories,   383. 

phases,  376. 
Loess,  post-Kansan,  60,  126. 

soil,    131,   270,    393,    496,    639. 
Long,  D.  A.,  405. 
I    Longaker  quarry,  435. 

Lonicera,  153. 
'  dioica,  204. 

i  glauca,  204. 

suUivantis,  204. 
'  tatarica,  204. 

Loosestrife,  197. 
Lophanthus  rcpetoides,  201. 

scrophulariaefoHus,  201. 
Lopseed,  203. 
'    Lousewort,   203. 
Low  quarry,  499. 
Lower  Buff  beds,  82. 
Lower  Davenport  beds,  345. 
Lower    Magnesian    limestone,     charac- 
ter of,  239. 
outcrops   of,   242. 
use  of  term,  61, 
64.  235. 
Lower  Maquoketa  beds.  273. 
Ludwigia  poh/carpa,  195. 
LungAvort,  156,  157,  200. 
Lupine.   189. 
Lupinns  pcrryniis.   189. 
Luthe.    F.    II.,    243. 
I    Li/rhuis  nlha,  181. 

githago,  181. 
vcspcrtina,   181. 
I    Lyvopodium  lucidulum,  164. 
Lyropus  americanus.  202. 
yinuatus,  202. 
I  virginicus,  201. 

■   LyelUa  americana,  614. 
1   Lyme-grass,  168. 
I   Lysias  hnokeriana,  173. 
;    Lytles  cro<'k,   587. 
i 

Macbride.  T.   H.,   cited,  520. 

Geology  of   Sac     and 
Ida   counties.    509. 
work  of,  5. 
Mavlurrn    hipshyi,   90,   94. 
!    Afarhirina  cuncaia^  266. 
I    Marrocah/r  nyctclra,  160,  199. 

Mallow,   159,  194. 
I    Mains  iowensis,  153,  188. 
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Malva  crispa,  194. 

rotundi  folia,  159,  194. 
Mantle  rock,  117. 

reorosion.   55. 
Maple,   153,   154,   155,  15G,   19:^,   551. 
Maple  river,  521. 
Maps,  topographic,  7. 
Maquoketa.  elevation  of.  583. 
Maquoketa   Brick   Co.,   046. 
Maquoketa  Lime  quarry,   G45. 
Maquoketa  river,  5S4. 
Maquoketa  sUige,  94,  2GG,  339,  597. 

analysis      of      shale, 

294,    295. 
character,      44,       96, 

2GG,    273,    597. 
correlation,    94. 
distribution,   96,   274, 

599. 
effect  on  topography, 

51,   5.5. 
exposures,   99,  599. 
quarries,  136,  643. 
Maquoketa   well,   648. 

analysis  of,  648. 
Marigold,  marsh,  157,  182. 
Marsh-elder,  burweed.  160,  205. 
Maxfield  township.   3S9. 
May-apple,  158.  1S3. 
Mayne  creek.  470. 

section  on,  485. 
Mayweed,  210. 
McCullough  (piarry,   620. 
McGee,  W  .1,  cit'Ml.  40,  61,  64,  106. 

122,    145.    219.    324,      373,      377. 
411,   461,  467,  567. 
McGregor  water  sui)ply,  300. 
well.  301. 

analysis  of,  302. 
McQuesney  well,   341. 
Meadow-grass,   167. 
Meadow-rue,  183. 
Meadow-sweet,  153.  186. 
Medicinal  plants  of  Winneshiek   coun- 
ty, 161. 
Meek  and  AVorthcn,  cited,  94. 
Meihomia  grandifolia.  190. 
lontjifolin,   190. 
poHciflora,  190. 
Melica  mutica,  ir.7. 
MeHlotus  a?Z>flr. -159,  189. 

officinalis.  159.  189. 
Meliolix  scrrulata.  195. 
Mellon  brickyard,  291. 
Menispcrmum  canddmsc,  162.  183. 
Mentha  canadensis,  202. 
Mercury,  tlir<»e  .^(MMled,  160. 
Mcristina  vitida,  616. 
Mertensia,   156,   157. 

panifulaia,  200. 
virginica,  200. 


Mesadenia  atripHcifolia,  211. 
reniformia,  211. 
tuherosa,  211. 
Metoptoma  alta,  243. 
Mexican   drops eed.    166. 
Micrampelis  lohata,  204. 
MicrostyliM  ophioglossffides.  171. 
Middle  Devonian  series,  113,  351,  421 
MilF"^.  *^iov:iriQn  of,  583. 
Milkweed,  160,  198. 
Milkwort,  192. 
Mill  creek,  590. 
Mill  Rock,  elevation  of,  583. 
Mill  spring,  139. 
Millet,  German.  166. 
Mimultis  jameaii,  202. 
ringens,  202. 
Mineral  production  In  Iowa,  value  oi. 
by  counties,  21. 
by    years,    19. 
Mineral  water,  production  of,  1905,  19 

36. 
Mint,  157,  202. 
Mitch ella  repens,  203. 
Mitella  diphuUa,  158,  186. 
Moehringia  lateriflora,  181. 
}fotlngo  verticitlata,  180. 
Mona  Junction,  elevation  of,  417. 
Monad  nocks,  580 
Monarda  fiatulosa,  201. 

scahra,  157,  201. 
Monkey-flower   202. 
Monmouth    <^lfvat!on  of,  583. 
Monona  brickyard,  295. 

well,  304. 
Monotropa  hypopitys,  197. 

uniflora.  197. 
Moonsced,  183. 
Moon  wort,  157,  163. 
Moore  quarry    352. 
Moraines.  463.  538. 
Morgan  ton  quarry,  425. 
Morrs  rrc*ek,  589. 
Motherwort,  160,  201. 
Mott   quarry,    485. 
Mugwort,  saw-leaf,  210. 
Muhlcnbergia  glomerata,  169,  166. 

mexicanat  159,  160,  166. 

sylvatica,  166. 
Mullein,  160. 
Murrhisonia  gracilis,   594. 

major,  595. 
Musk-root,  204. 
Mustard,  160.  184,  185. 


Nabalus  albus,  205. 

racemosTis,   205. 
Napaea  dioicat  194. 
Nashville,  elevation  of.  583. 
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Nasturtium  armoracia,  184. 
officinale,  184. 
paJustre,  184. 
Xaticopsis  gigantea,  479. 
Natural  bridges,  571. 
Natural  gas,  occurrence  of,  in  low.i,  4. 
New  geological  names  used,  t>U. 
Negundo  aceroides,  193,  552. 

mgundo,  652. 
Nepeta  cataria,  201. 

glechoina,  201. 
Nephrodium  goldieanu7n,  164. 

thelypteris,  157,  164. 
Nettle,  160,  201. 
New  Jersey  tea,  154,  155,  193. 
New  Richmond  sandstone, 

character  68. 
distribution, 

68,   240. 
exposure,  69. 
secondary 
enlarge- 
ment,   68. 
use  of  term, 
61,  64. 
Neiobcrria  johanyiis,  428. 
Niagara   limestone,   GO,   109,   275,     342, 
609. 
character,  44,  112, 

276,   610. 
distribution,      109, 

276.   609. 
effect     on     topog- 
raphy,   52,      228, 
577. 
exposure,  110,  610. 
fossils,  278,   614. 
gunrries  in,  137. 

292.  643. 
sections,   276,    610. 
thickness,      111, 
280,   609. 
Nielsen  quarry,  430. 
Nightshade,  160,  195. 
Nileus  vigilans,  104. 
IN  ileus  beds,  273. 

Nine  bark,  prairie,  153,  155,  186. 
Nordnoss  quarry,  135. 
Norris,   elevation  of,  417. 
Norris,  Mr.,  356. 

Norton,  W.  H.,  cited,  237,  248,  301,  473, 

568,  621.  625.  626.  647, 

Geology       of     Bremer 

county,   319. 
work  of,  5. 
Nuphar  advena,  182. 
Nut  grass,  yellow.  168. 
Nyctelea,  160,  199. 
Nymphaea  advenn,  182. 
odorata,  182. 


Oak,  154,  155,  156,  176,  177,  561. 
Oakesia  sessilifolia,  171. 
Oats,  grama,  167. 
Oil.  546. 

Olson  quarry,  429. 
Onagra  biennis,  160,  195. 
Oncoccnis  pandion,  254. 
Oneota  limestone,  64,  239. 

character,    65,    240. 
distribution,  67,  242. 
effect    on    topog- 
raphy, 50. 
quarries,  290. 
suitable     for     lime, 

137. 
thickness,  241. 
use  of  term,  61,  64, 
65,  235. 
Oneota  river,  47,  57. 
Onion,  wild,  158.  171.  172. 
Onoclea  sciisibilis,   157,   163. 
strythioptcris,  163. 
Onosmodium  caroliniayium,  200. 

mollc,  200. 
Onychodus,   356,   357. 
Onychodus  sigmoidcs,  425. 
Opulastcr  intcrmedius,  153,  186. 
Orange  root,  182. 
Orbiculoidca,   608. 
Orchis  spcctahilis,  157,  173. 
Ordovirian   system.   64,   239.   339,   592. 
Ornamental  plants,  care  of,  158. 
Orr,  E.,  14S. 

Orthis  hif Grata,  102,  254,  594,  605,  608. 
JiahcUulwm,   611. 
iriCQuaUSf  483,  486. 
ins<-ulpta.    104,   107,    108,    272. 
i(n(:fj}si.s,   352.   480. 
macfarlajiti,   302. 
occidcn talis,   603,    005,   608. 
pUcatella,  SO,   108. 
pruavita,  608. 
suhacqnata,  80,  86,  87,  252,  264, 

255,  272. 
suhQuadrata,  80,   104,  108. 
tcstudinaria,    86,    87,    103,    104, 
108.    115,    255.    259.    272,    594. 
601.  603,  605.  608. 
triceiioria,   86,   87. 
wJiitru'UU,   104,    105,   608. 
Orthocoras,   100.   2r.4,   594. 
Orthoccras    rrcJn't.scr.nfi,    618. 
i.riin'njcnium,   243. 
sorlulCy  108. 
unioiicnsis.  344. 
OithoceraLitrs  of  Plritlcville  limfstone, 

84. 
Orthothetes.   483. 
Orton,  E.,  cited.  60. 
Oryzopsis  mclanocarpa,  166. 
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Osbom,  Herbert,  cited,  568,  626. 
Oamorrhiza  hrevistyliSt  196. 
Osmunda  claytoniana,  157,  163. 
Ossian,  elevation  of,  56,   57. 
Oatrya  virginiana,  154,  176,   559. 
Otter  creek,  469. 

elevation  of,  583. 

section  at,  483. 
Owen,  D.  D.,  cited,  45,  218,  451. 
Owen  beds,  479. 

quarries   in,   500. 
Oxalis,  yellow,  160. 
Oxalis  comiculata,  191. 
stricta,  160,  191. 
violacea,   191. 
Ox-eye,  rough   209. 
Oxj/baphus  nyctagineus,  180. 
Ozark,  elevation  of.  583. 

Paha,  origin,  380. 

sections  in,  379. 
types,  55,   377. 
Painted-cup,  203. 
Pammel,  L.  H.,  cited,  148. 

work  of,  5. 
Panax  QuinquefoUum,  196. 
Panicum,  165. 
Panicum  capillare,  160,  165. 

crus-gallh  159,  165. 

dichotomum,  160,  165. 

glabrtim.  160.  165. 

latifolium,  165. 

sanguinale,  160,  165. 

SCribntrianum,   165. 

unciphuUum,  1G5. 
Paracyclas  elUpUca,  115 
Parastrophia  schoficJdi,  254. 
Pari e tar ia  pennsylvanicu,  178. 
ParlUa,  yellow,  183, 
Parker,  G.  M.,  548. 
Pamasaia  caroJiniana,  185. 
Parsnip,  159,  196. 
Partnenium  inter gri folium,  209. 
Parthenocissiis  quinquefolia,  154.  193 
Partridge-berry    203. 
Partridge  pea,  160,  189. 
Pasque-flower   157,  183. 
Pa&tinaca  saliva,  159,  196. 
Pea,  veiny   191. 
Pea-nut.  bog,  131. 
Peat,  Franklin  county, 

analysis,   505. 
occurrence.  495. 
use.   504. 
Peat,  work  of  Survey  on,  3. 
PedicMlariB  canadensis,  203. 
lanceolata,  203. 
Pellaea  atropurpurea,  164. 

gracilis,  164. 
Pvlmulder,  Cbas.,  548. 


Pennyroyal,  200,  201. 
Pentamerella  arata,  422. 

obsolescense  422. 
Pentamerua  maquoketa,  616. 

oblongus,  279,  616,   644. 

beds,   279. 
pergihhosus,   616. 
Penthorum  sedoides,  185. 
Pentstemon,  157. 
Pepper  grass,  160.  184. 
Pepper  root,  184. 
Peramium  pu&CAceni,  174. 
Perry  township,  elevation  of,  583. 
Persi  carta,  179> 
Fetalost^Tnon  candidus,  190. 
violaceus,  190. 
Phegopteris  calarea,  163. 

\roherUana.  163. 
Philotria  canademU,  170. 
Phleum  pratense,  166. 
Phlox,  166,  157.  199. 
Phlox  divaricata,  157,  199. 

pilosa,  199. 
Phryma    epiostachya,  203. 
Physalis  lanceolata,  202. 

philudeipkica.  202. 
pubesccns,  160. 
virginiana,  202. 
Physiography,    Black     Hawk     county, 
412.  ^ 

Bremer  county,  324. 
Clayton  county,  219. 
Franklin    county,    458. 
Jackson  county,  568. 
Sac  and  Ida     counties, 

574. 
Winneshiek  county,  47. 
Phyaocarpns   opulifolius,   186. 
Physosteqia  parvifolia,  201. 

virginiana,    201. 
"Pictured  Rocks".  223.  246. 
Pigweed,  180. 
Fikes  Peak,  222. 
Pilea  pumila,  178. 
Pimpernel,  yellow,  196. 
Pimpinella  integerrima,  196. 
Pine.  154.  155.  156,  164. 
Pine  creek,  57. 
Pine-sap,  197 
Pinus  strohuB,  154,  164. 
Pin  weed.   194. 
Fipsissewa,  197 
Plainfleld.  olevation  of,  327. 
Plane  tree.  186. 
PI  ant  ago  major,  159. 
rugcli,  160. 
Plantain,  159,  160.  170,  174,  208,  211. 
Plants  of  Winneshiek  county,  147. 
Plaianus  occidentalii,  186. 
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Platteville   limestone,    82,    247. 

(See   also     Tren- 
ton). 

fossils  of,  84. 
quarries  in,  134. 
use  of  term,  61,  80,  81,  23b. 
Platystoma  niagarensv,  276,   617. 
Flatystrophia  hiforata,  103. 
Plectambonites  sericea,   82,   86,   87,   9^, 
102,  103,  104,  107,  108.  115,  272,  594. 
602,  605,  608. 
Pleistocene  system,  119.  281.  361,  439. 

488,  531,  633. 
Pleurisy-root,  198. 

Pleurotomaria    lenticular  in,    254,    161. 
Plum,  189,  554,  555. 
Poa  pratensis,  160,  167. 
Podophyllum  peltatujn,  158.  162,  183. 
Poison  ivy,  192. 
Polanisia  trachysperma,  185. 
Polemonium  re  plans,  158,  199. 
Polk  township,  390. 
Polygala  sanguinea.    192. 
senega,  162,  192. 
verticillata,  191. 
viridescens,   192. 
Polygonum  aniphihium,  179. 
aviculare,  179. 
camporum,  179. 
convolvulus,   159.    180. 
douglassii,  180. 
dumetorum,  ISO. 
emersum,  179. 
hydropiper,  1V9. 
incamatum,   179. 
lapathifolxum ,   179. 
muhh'nhergii,  179. 
pmiisijlvanirum ,   IGn,    179. 
persicaria,  179. 
sagittatum,  180. 
scan  dens,  180. 
tenue,  180. 
virginianuni,.  180. 
Polymnia  canadensis,  209. 
uvedalia.  209. 
Polypodium  vulgarc,  163. 
Polypody,  163. 
Pondweed,    170. 
Pope  joy.  elevation  of.  466. 
Poplar.  155.  156.  174,  560. 
Poptims  alba,  174 

fialyamifrra.   171 
randicans,  154,  174. 
drltoides,  153.   174.   560. 
grandidrntafa.  154.  174. 
monilifcra,   174.  560. 
tremuloidrs,  15 J.  174.  559 
Portland     cement,     manufacture       in 
Iowa.  2. 
plants   erected    ir. 
Iowa,  36. 


materials,      abuu 
dance    in    Iowa 
3. 
work     of     Survey 
on,  2. 
Portulaca  oleracca,  159.  ISl. 
Post-glacial  deposits.  494,  638. 
Post-Kansan  loess,  60,  126. 
Postville,  elevation  of,  57. 
Potamogcton   fluitans,    1/0. 
foliosus,  170. 
lonchites,  170. 
pavciflorus,  ITo. 
Potato  vine,  wild,  198. 
rot  en  t  ilia  argnta,  187. 

canadensis,  187. 
fruticosa,  187. 
monspeliensiSy  187. 
norvcgica,  187. 
Iridcntata,  187. 
Potsdam  series,   62,   237. 
Potters  Siding,  elevation  cf,  327. 
Prairie  creek,  589. 
Prairie  du  Chien,  well  at.  305. 
Prairie  Spring  township,  elevation  of, 

583. 
Prasopora  simulatrix,   85. 
Pre-glacial  topography,  47,  386. 
Pre-Kansan   drift,   character,  361. 
Prenanthes  alba,  205. 

racemosa,  205. 
rreston.  brickyard  at,  646. 

elevation  of,  584. 
Primrose,   evening,   160,   195. 
Priono("ifcluy.  iryomingensis,  530. 
Producers    of     mineral     products     in 

Iowa,  number  of,  20. 
Productrlla   rouccntrica,  487. 
lacJirymosa,  479. 
subalata,   113,      115,      133, 
345. 
Productelia  beds,  115. 
Prunella  vulgaris,  201. 
P  run  us  americana,   189.   554. 
rhicasa,  555. 
hortulana.  554. 
pcnnsylvanica,  155,  189. 
pumila.  153.   189. 
serotina,  154.  162,  189.  555. 
■     virginiana,   154.  162,   189,   555. 
Ptc/idium  aquilinum.  164. 
Ptrrinca  deynissa.  608. 
Pteris  aquilina,   1«>4. 
Ptvrh^odus  vaJccolus.  35<l. 

roniprrssus,   35r». 
f('r().r,  356. 
PiKM'oon,  200. 

Pulsatilla  hirsntissima,  15/.  IM.   I'^li 
Purrslane,  159.  ISi.  192. 
Pur  tell  quar-^'.   423. 
Putty  root,  174. 
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Pycnanthvmum    Janceolatuyn,  201. 

JinifoUum,    201. 
Pyrola  ellipticar  197. 

secutida,   1J)7. 
Pyrus  arhiitifolia,  188. 

rqronaria.  188,  555. 

iow€7isis,  555. 

Quarries.  Andrews,  487,  500. 
Archibald,  619. 
Bartlett,   425. 
Beatty,  431. 
Beebe.  i^53. 
Benson,  48(1. 
Boyle,  256,  291. 
Brodie,   359. 
Buchan,  433. 
Camp,  435. 
Carpenter.   427. 
Cedar  River   Stone  Co.,   391. 
Dean,    354. 
Dehn,  259,  292. 
Dolomite,    276. 
Eads,    620. 
Eagle,   437. 
Embertson,  292. 
Ferguson,   291. 
Ft.  Atkinson,   107. 
Fosselmann.  354, 
Glass.  293. 
Oreen,  136. 
Halloran,   134,    135. 
Harmon.  436. 
Harris  &  Cole.   429. 
Hurst,   615. 
Hyler,   646. 

.lOiner.  645. 

Keystone  Lime   Co..   t)45. 
Kindorhook,  498. 
Limekiln,    344. 
[-.ongaker,   435. 
Low.   498. 

Maouokota  Lime  Co.,  645. 
McCullough,   620. 
Moore,  352. 
Morgan  ton,  42.'). 
Mott,  485. 
Nichols.   354. 
Nielson,  430. 
Nordness,   135. 
Olson,   429. 

Pin  Hook.  645. 
Purtell,   423. 
Raymond,  423. 
Rierson.   292. 
Rima,    360. 
Robertson.    433. 
Round,    428. 
Schoultc,    292. 
Sousley,   277,   292. 


Stickfort,   291. 

Stoops.  226,  262.  2S1 

I'horoson,   292. 

Waterloo,  421. 

Weber,  134. 

Williams,  292. 
Quarter  Section  run,  327. 
Quercus  alha,  154,  162,  177. 
horealis,  177. 
COCCI  wra,  177. 

macrocarpa,  177.  561. 

rubra,  154,  176,  561. 
svhncckii,  176. 
texana,  176. 
veJutina,  177. 

Hafinesquina  aJternata,  82,  97.  103.  104, 
107,    108,      254 
261,    272,      602 
608. 
dcltuidea,  594. 
nihmesotensis,   254,   261. 
Ragweed.   160,   206. 
Rainy  Lake  region,  gold  from,  141. 
Ranunculus   ahortivus,   183. 
aquatiliSy  183. 
fascicularis,   157,   183. 
ovaJis,  183. 
pcnnsylvanicus,  183. 
recurvatus,  183. 
r horn  bold eus,  183. 
septentrionahs.    183. 
Raphistowa  lenfinilare.  251. 

muUtvolvatum,   243. 
paucivolvatum,   243. 
pepinensey  243. 
Raspberry.   154,   161.   186. 
Ralibida  pinnata,  209. 
Raymond,  elevation  of,  417. 

sections  at,  423,  424. 
Readlyn.  elevation  of.  327. 
Rcceptaculiir.\  oirryii,  90.  91,   93,     141. 
142,     260,       266, 
595,   596. 
zone,  93,  595. 
Red-root,  154,  193. 
Red-top,   166. 
Reed-grass,  Indian,  166. 
Reforestation,  method  of,  152. 
Reid,  Harvey,  568,  648. 
Rcnsselaeria  johanni,  422. 
Residual   materials,  117.   281,  360,   43i» 
630. 
soil.   49.    640. 
Rhus  glabra,  154.  161,  192,  553. 
hirsuta,  154,  192. 
radicans,  153,  161.  192. 
toxicodendron,  161,  192. 
typhina,  192,  554. 
Rhynchodus  occidentalism  356. 
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Hhynchonellaf  anticostiensis,  603,  606. 
Rhynchotrema  capax,   103,     107,     108, 
272,   594,   603,   605,  608. 
inavquii^alvis,  86. 
perlamellosa,  108. 
Rihes  cynoshati,  153,  186. 

floridum,   153,   186,   654. 
gracile,  186. 

missmiriensis,  153,  186,  5o4. 
ruhruTYiy  155,  186. 
Rice,  mountain,  166. 
Richland   township,   elevation   ot    584. 
Ridgeway,  elevation  of,   57. 
Road  materials,  138,  297,  391,  450,  50L', 

544. 
Robertson  quarry,  433. 
Robiyiia^pseudacacia,   155,  190,  553. 
Rock  analyses,  343. 
Rock-cress,  185. 
Rocket,  purple,  184. 
Root  river  system,  57. 
Roripa  armoracia,  184. 
nasturtium,   184. 
paJutris,  184. 
Rosa  arkansana,   154. 
hlanda,  154,  187. 
humilis,  154,  188. 
sayi,  188. 
woodsii,  188. 
Rose,  154,  155,  187,  188. 
Round  quarry,  428. 
Rnbus  americanus,  186. 
canadensis,  187. 
nigrobaccus,   162. 
occidentalism  152.   154,   161,   187. 
procumhens,  154,  162,  187. 
strigosus,   154.   161,   18G. 
triflorus,  186. 
villosus.   187. 
Rtidhrckia   hirta,   209. 

laciniata,  160.  209. 
triloba,    209. 
Rue,  goat's,   190. 
Rue-anemone,  157,  182. 
Rum  ex  acetosrlla,  160,   179. 
altissimus,  179. 
brittanica.  160,  179. 
crispus,   159,   179. 
paticntia,  160.  179. 
verticillatus,   179. 
Rush,  169,  171. 
Rush-grass,   166. 
!  vo.  wild,  168. 

Sabula,  elevation  of,  584. 

well.  647. 
Sac  and  Ida  counties.  Geology  of,  509, 
alluvial     depos 

its,  541. 
Buchanan    gra- 


vels, 533. 
building    stone, 

546. 
(lay,  543. 
coal,  546. 
Colorado    stage, 

529. 
Cretaceous    sys- 
tem,  526. 
Dakota       sand- 
stone,   526. 
drainage.  521. 
economic      pro- 
ducts, 543. 
forestry     notes, 

549. 
Fort         Benton 

shales.  529. 
gravel,  544. 
lowan  stage,  534. 
Kansan       drift, 

531. 
lime,  545. 
loess,   534. 
physiography. 

514. 
Pleistocene   sys- 
tem,  531. 
soils.    542. 
stratigraphy, 

525. 
synoptical 

table.   625. 
topography,  611. 
water        power. 

548. 
water       supply. 

547. 
Wisconsin  drilt, 
535. 

gravels. 

539. 
moraine, 
538. 
Sap:e.  wood,  200. 
Sagittaria  latifolia,  170. 

rigida,   170. 
St.  Croix  sandstone,  62.  237. 
St.  Do.iatiis.  elevation  of.  584. 
St.  John.  O.  H.,  cited.  324,  411,  573. 
St.  John's-wort.  160,  194. 
St.  Peter  sandstcne  analysis,  244. 

character,    65,    73, 
243. 
oronomic  value,  79. 
effect  on   topogra- 
phy, 78. 
exposures,  75,  245. 
St.   Sebald.   shale   from,  analysis,   294. 
Salicin,  162. 
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Salisbury,  R.  D.  cited  219,  681. 
Salix  alha,  176. 

amygdaloidea,  Il'J,  175,  560. 
cordata,  153,  175,   560. 
discolor,   153,  175. 
ericocephala,  175. 
humilis,  154,  175. 
interior,  153,  175. 
longifoJia,  175,  560. 
lucida,  153,   175. 
inissouriefiffis,  175. 
nigra,   153,   174. 
petiolaris,  175. 
Salomonia   commutata,    157,   172. 
Salsola  kali,  180. 

fra^rus,  160,  180. 
»Sffm&ucw.9    canadensis,    153,    161,      203, 
567. 
pubcns,  154,  203. 
racemosa,  203. 
Sand  and   gravel,   138,   297,   450,     50* 

544,  646. 
Sandbur,   160,  166. 
Sand-lime  brick,  production  in     Iowa, 

1904,  19. 

1905,  19,  35. 

Sandstone,  production  of  in  Iowa,  31, 

34. 
Sanguinaria  canadensis,  158.   162,  184. 
Sanicle,  196,  206. 
Sanicula  marylandica,  196 
Saponaria  officinalis,  181. 
vaccaria,  181. 
Sardeson.   F.  W..  cited.  ^47. 
Sarsaparilla,  wild,  195. 
Savage.   T.   E.,   cited.   96.   97.   148,   149. 
347,  400.  458.  461.  462,  507. 

Geology     of     .Jackson 

county,  563. 
work  of,  5.  13. 
Saxifraga  penn sylvan ica.   185. 
Saxifrage.  185,  186. 
Schmidt  well,   341.  362. 
Schnoeder  well,  363. 
Schwem  well,  362. 
Scirpus  americanus,  169. 
atrovirens,^  169. 
cyperinus,  169. 
iacustris,  169. 
pungenSf  169. 
validua,   169. 
;.couring-rush,  163. 
Hcrophularia  marylandica,  160,  202. 
Scutellaria  cordifolia,  200. 

lateriflora.  161,  200. 
pan  via,  200. 
versicolor,  200. 
Secondary   enlargement   of   New    Ricl;- 
inond   sandstone,  68. 


Section,  Bartlett  quarry,  426. 
Baskin  run,  348. 
Beebe  quarry  353. 
Bellevue.  600. 
Buchan  quarry,  433. 
Carpenter  quarry,   427. 
Clausing  well,  io9. 
Clayton,  256. 
Corwin  township,  533. 
Cox  creek.  262. 
Denver  Junction,  364. 
Eagle  Point  Lime  Works 

townbhip    437. 
Elk  creek,  267. 
Elkader,  262. 
Frederika,  359. 
Green  Island,  603. 
Guttenberg,   256. 
Hurstville,  615. 
Longaker  quarry,  435. 
McGregor,   256. 
Moore  quarry,  352. 
Nichols  quarry,  354. 
Nielson  quarry,  430. 
Old  Limekiln  quarr>',  344. 
Pahoid  hill,  365. 
Quarter  Section  run,  344,  34 
Raymond  quarry,  423,  424. 
Robert  creek,  257. 
Hound  quarry,  428. 
fcjabula.  647. 
St.  Sebald,  266,   268. 
Tripoli.  3)3. 
Turkey  river,  270. 
Volga.  269. 

Waterloo  quarry,  421. 
Sections  Cedar  Valley.  352—360,  421— 
438. 
Cretaceous,  531. 
Des  Moines,  623. 
Devonian,   391,   623. 
Galena-Platteville.      255— 2(  :. 

593,  596. 
Kinderhook.  483—486. 
Lime  creek,    478,   479, 
Lower  Magnesian     limestone, 

72. 
Maquoketa,  267—273,  339,  600, 

603. 
Niagara.  276,  277,  343,  613— 

620. 
Pleistocene.     282,    362—379, 

443,  533—540. 
St.   Peter,  76. 
Wapsipinicon,  348.  351. 
Wells,  303,  339—341,  351,  3    ', 
398,  402.  474,  647. 
Sedges.  169.  170. 
i^elaginclla  rtipestris,  164. 
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Senedo  aureus,  211. 

halsamitaef  211. 
Senega,  162. 
i^etaria  germanica,  166. 

glauca,  169,  160,  166. 
italica,   166. 
viridis,   160,   166. 
Shadbush,  153,  188. 
Shakopee  limestone,  71,  241. 

use  of  term,  61,  64. 
Shale,  analysis  of,  294,  295. 

Hackberry,  477. 
Shaler,  N.  S.,  cited,  573. 
Sheep-berry,  153,  155,  204. 
Sheep  sorrel,  160,  179. 
Sheffield,  elevation  of,  466. 
Shepherd's  purse,  159,  185. 
Shimek,  B.,  acknowledgments,  146. 
cited,  60.  126. 

Plants  of  Winneshiek  coun- 
ty, 147. 
work  on  loess,  5. 
Shooting  star,  156,  157. 
Sibbaldiopsis  tridentata,  187. 
Sickle-pod,  185. 
Sieversia  ciliata,  187. 
Silene  albOj  181. 

antirrhina,  181. 
stcllata,  157,  181. 
Silphium  laci7iiatumj  209. 

perfoliatum,  209. 
Silurian  system.   109,   275,  342,  609. 
Silver  creek,   522. 
Sinapis  alha,  184. 

nigra,  161. 
Sinks,  571. 
Sisyvihriuni  canescens,  185. 

ofjicinale,    160,    184. 
Sisyrinchium   angustifolium,  157,  173. 
Sium   ciciUaefolium,   19G. 
Skull-cap,  200. 
Smartweed,   160,  179. 
Smilacina  racemosa;  172. 

steUata.  172. 
Smilax,  upright,  172. 
Smilax  ecirrhata,  172. 
herhacea,  172. 
hispida,  154,  172,  561. 
Snakeroot,  158,  192,  196. 
Sneeze-weed,  210. 
Snowberry  204. 
Soapwort,  181. 

Soils.  131,  290,   393,   446,  495.   542,  639, 
642. 
alluvial,   130,   290.   394,   446,   497. 

541,   640. 
drift,   132,   290,   393,  495,   542. 
loe.s.s.  131.  290,  393.  447,  496,  542, 

639. 
residual,  131,  497,  640. 
sandy,  639. 


Solanum  nigrum,  160. 
SoHdago  bicolor,  207. 

canadensis,   207. 
flexicauUs,  206. 
hispida,  207. 
lanceolata,  207. 
latifolia,  206. 
missouriensis,  207. 
ncmoralis,  207. 
rigida,   207. 
rigidluscula,  207. 
serothia,  157,  207. 
scrotina  gigantea,  207. 
speciosa,  157,  207. 
tennuifolia,  207. 
uhginosa,  207. 
uhuifoUa,  158,   207. 
Solomon's  seal,  157,  172. 
Sonchus  asper,  IGO,  205. 
Sophia  intermedia,  185. 
Sousley's  quarry.   277,   292. 
South  Fork  township,  elevation  of,  584. 
Sow-thistle,    IGO,   205. 
Spanish  needle,  IGO,  210. 
Sparganium  eiirycarpum,  170. 
Spartina  cynosuroides,  159.   167. 
Spathyeyna  foetida,  171. 
Speedwell.  IGO,  202. 
Spiderwort,  171. 
Spikenard.  172.  19r>. 
Spike-rush,   168. 
Spiraea  saUcifolia,  153,  18G. 
Spirant fies  gracilis,  174. 
Spirifer  liimesiaJis,  420. 
disjiincta.  479. 
curutcines,  422. 
hunger fitrdi,  4 SO. 
manni,  ATI. 
oivrni.  422. 
parryanufy.  424. 

prnnatus,  113.  115,     133,     345. 
355.   420,   422. 
beds.  352.  420,  421. 
suhrotundatiis.   484. 
•suhunihonifs,  113.   115,   116. 
suhcaricosus.   116,   422. 
Khitneyi,  479,  480. 
Spirodela  polyrrhiza,   171. 
Spo7'oholus  cuspidatus,  1G6. 
Sprine:  beauty,  157,  180. 
Spring   (Teek.    4G9. 

section  at,  484. 
Sprincs.  Winnosliiek  county,  139. 
Spruce,  Norway,  155,  156. 
Spurge,   IGO.   192. 
Squaw  weed,  swamp.   211. 
Squirrel  corn.  1S4. 
StacJiys  aspera,  201. 

palustris,  201, 
Staphylea  trifoUa,  154.  192. 
Star-grass.  173. 
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Stead  Bros.  &  Guenther  brickyard,  449. 
Steironema  ciliatum,  197. 

ifjufjii^iiiiffi:^    197. 

quadri^orum,  197. 
l^tellaria  longi folia,  181. 

media,  181. 
Stipa  spartea,  1C6. 
Stitchwort,  181. 
Stoeffler  lirno  kiln,  296. 
Stono,  production  of,  by  counties,  32. 
by  years,   19,  34. 
classified,   31,  34, 
Stoop  quarry,  220.  202,  291. 
StraparoUus  clay t one nsia,  243. 
cuclostomn.<i,  429. 
pristiyiinifonnis,   243. 
Stratigraphy    of    Black    Hawk    county, 
419. 
Bron.cr  county,   335. 
Clayton    county.    233. 
Franklin  county,  472. 
Jackson  county,  590. 
Sac  and   Ida  counties, 

525. 
Winneshiek  county, 
58. 
Strawberries,  187. 

Strawberry  Point,  water  supply,  304. 
StrepteJaaraa,  34. 
Streptt'lasmn  corniculum,  85,   594,   G05. 

GoS. 
Stricklandinio  custvllana,  617. 
Stromatopora,  343,  344. 
Siromaiopora  crraticOf  422. 

beds.  432. 
Stropheodonta   arcuata,    480. 

demissa,    116.    355.    424. 
480. 
Strophomcna  incurvata,   85,   87,   608. 
nutans f  6^3. 
planunihona,       87.     104, 

60S. 
rugosay   87.    255. 
Struthioptcrift   struthioptrris,   157.    163. 
SnVivantia  ohionis,  186. 

suUivantii,  IS 6. 
Sumach,  154,  155,  192,  553. 
Sumner,  elevation  of.  327. 

strata  at.  401. 
Sumner  township,   388. 
well.   401. 

section  of,  402 
strata   in,   404. 
Sunflower  160,  209.  210. 
Survey    Iowa  Geological,   u-n published 

work  of    1. 
Sweet  Cicely    196. 
Sweet-clover    189. 
Sycamore.  lb€. 

Symphoricarpos  occidentalis,  154,  204, 
557. 
raccmosus,    204. 


i^implQCarpus  foetidus,  171. 
^^fmdrsmon  tkaUctroides,  157,  182. 
S]fnos7fta   &UQveo}ens,   211. 
Nynthetodus,   357. 
i^lfnngoporti   tenella,   278,   279. 
beds,  279. 
Sysymhriuni  officinale,  184. 

Taenidia  integerrima,  196. 
Tanacetum  vulgare,  160.  210. 
Tansy,   160,  210. 
Tan  ay -mustard.  1^5 
Taraxacum  officinale,  159,   205. 
Taxus  canadensis,  153.  165. 
Temperatiirea  in  Ice  Cave,  144. 
Ten  Mile  creek,  57 
Tentacu  i£c*  iterlingcnsis,  272,  608. 
Tephrosia  virginiana,  190. 
Terebratula  elia,  422. 

jucunda,  422. 
romingeri,   422. 
Terraces,   59,   124,   129,   287,   445,     493. 

582. 
Teucrium   canadense,   200. 
Thalictrum   dioicu7n-f  183. 

purpurascens,  183. 
Thelypodium  pinnatifidum,  184. 
Thicker,   Quarry  stone    Beds   of   Platte- 

ville,  82. 
Thin,  Brittle  Beds  of   Platteville,   82. 
Thistle,   159,  160.  180.   201,   211. 
Thornapple,  159. 
Ti  « 

Tick-trefoil.   190. 
Tile  plant,   Beamer.   646. 
Fox.    502. 
Mellon,   243. 
Wilson   Brothers,  501. 
Tilia  amrricana,   154,   194,   551. 
Timothy,   159.  166. 
Tobacco.   Indian.   2«i5. 
Topographic  maps.  7. 
Topography,  effect  of  geological  forma- 
tions on,  49. 
Topography,   pre-glacial.   386. 
Topography   of  Kansan  drift,  365. 
Topograi)hy  of  Black     Hawk     county, 
412. 
Bremer  county,  324. 
Clayton  county,  219. 
Franklin  county,  458. 
.Jackson    county,    568. 
Sac  and   Ida  counties, 

514. 
Winneshiek  county,  47. 
'  I  .rh-me-not,  193. 
Tradcscantia  hracteaia,  171. 
reflrxa,  171. 
virginica,  171. 
Trees     and     shrubs     of      \\  inneshlek 
county,  153. 
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Trenton  limestone,   80,   247. 

(see     also     Platt- 

ville.) 
character,  82,  251. 
■distribution,         82, 

258.  • 
(lolomitization,  25U. 
thickness.    82,    258. 
TrifoUum  arvense,  189. 
Jij/hriduw,  190. 
pratense.    189. 
procumhenSf  IGO. 
repcns,  IGO,   190. 
TriUium,  157. 

ercctum,  172. 
nivale,  158.   172. 
Triostcum   aurantiaann,  204. 
perfoUatum,  204. 
Tripoli,  elevation  of.  ;527. 
Trocho)iewa    umhilicata,   94.    254. 
Trout  creek,   57. 
'j  Ufa,  exposure  of.  125. 
Turkey  river,  224,  232. 
Twayblade,   174. 
Twin-flower,    204. 
Typha  latifoUa,  170. 

Udden,  ,T.  A.,  cited,  081. 

I-Jmus  avicricann,  153,  178,  557. 

fulva,   154,   1()2,   178,   557. 

racemosa,  154,   178. 
Unconformities.   132,  289.  448.  (Ml. 
fJnifoUiun   cancnUmsc,  172. 
Upham.    Warren,   cited.   457.   4G5. 
Upper  Devonian  series.   477. 
Upper  Iowa  river,  47.  57. 
Urtica  gracilis.   IGO,   ITS. 
Urticastrum    flirdricafu m.    ITS. 
Utricularia  ndffari.s,  2n;{. 
Uvular ia  graiidifJ^ra,   157,   171. 
scssih  folia.    157,    171. 

Vaccaria  vaccariaf  181. 
Vagnera  racemosa.  157.   172. 

sfeVata,  157.   172. 
Valley  trains  in  Winneshiek  county,  o9. 
VaUisnrria  spiralis.  170. 
Velvet-leaf.  IGO,  194. 
Verhasciiju,  160. 
Verbena,  160. 
Verbena  hractcosa.  200. 

hastata.  200. 

siricta,   200. 

nrticifolia,  200. 
V*ro}iia  fasciculafa.  20G. 
Vcrojiica  anagalUs,  202. 

anagatlis-aquatica,  202. 

arvensis,  202. 

perpgrina,  160,  202. 

virgin  tea,  202. 
Vervain,  200. 


Vetch,  158,  190. 

Vetchling,  191. 

Viburnum,  162. 

Viburnu7n  dentatum,  154,  204. 

lentago,  153,  154.  204. 
opulus,  154,  162.  203. 
priinifoliurn,   162,    557. 
puhtsccns.  203. 
F/cm  amcricana.  158.  190. 

angnsfifoUa,  191. 

cracca,   190. 

safiva,  191. 
V'to/rt  canadensis,   195. 

palniaia,  195. 

papiUionacea,  157,  195. 

perfa/a,  157.  194. 

pcdafijlda,  157.  194. 

pubcsccns,  157.  195. 

scahriuscula,   195. 
Violet,   156.   157.  172.   194,  195. 
Virginia  creeper.  154,   155.  193. 


157. 


183,   552. 


Virgin's-boAver,   1 
V/7«.s  riparia.  193,  ot>L' 
vulpina.  153.   193. 
Volga  river,  224.   232. 

section  on,  269. 

Wahoo,  153,  192. 
Wake-robin,    158,   172. 
Walker.  C.   W..   301. 
Wall    Lake,   517. 

•'walls"  of.  517. 
Walnut,  153.  1.^)5.  15C,  175,  558. 
Wapsipinicon   limestone,  113,  345,  420. 

438. 
analysis,  361. 
divisions,  346. 
sections,     348, 
351. 
Wai)si  pin  icon   river.  327. 
Warren    townslii]),    389. 
Washburn,   altitude   of,   417. 
Washington  township,  398. 
Washington  la  claj/toni,   196. 
\\  ater  crow-foot,   white,  156, 
Water   horizons,  presence  of 

4. 
Water-leaf,   158,   199. 
Water-plantain,  170. 
Water   powers,   140.   305.   394, 

548. 
Water  supplies,  139.  3O0,  395,  450,  5Ub, 

547,    647. 
Waterloo,   section   at,   421. 

water  supply  of,  450. 
Waterloo  &  Cedar  Falls  brick  yard,  449. 
Waverly,  elevation  of,  327. 

strata  at,  401. 
loess-Kan san  area,  character, 

370. 
well.  342.  397. 


183. 

in  Iowa, 


452,  b07. 
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section,  398. 
strata,  400. 
Weber  quarry,  134. 
Weems.  J.  B.,  cited.  259,  047. 
Wells.  Ackley,  470. 
Bauman.   340. 
Bennett,  351. 
Buhr,  340. 
Chase,  351. 
Clau.«^int:.  33i). 
Cotton.  351. 
Falchor.  302. 
Farrincton,  '.iW'^. 
Hampton,  474. 
Aiaquokcta,  048. 
McQiiesney,  341. 
Sabula.  047. 
Schmidt,  341.   302. 
Schnocdcr,    303. 
Schwera,  302. 
Sumner,   401. 
Waverly.   312,  397,  398. 
Winzenberg.    340. 
Zwanzi.2:er,  340. 
West  Fork,  terrace.^  on,  493. 
Wheat-grass,  108. 
White,  C.  A.,  citod.  40.  44,  04.  143 
457.  513,  519,  507. 

citod.  324.  422. 
Carolina,   185. 
.   citod.  100.     218, 


219, 


Whitfield.  R.  P. 

Whitlow-grass, 

Whitney,  .7.   1)..   citod,  100.     218,     410, 

567. 
Wilder,  F.  A.,  citod.  452,  514. 

report  for   1905,   1. 
Williams.   Ira  A., 

Geology  of  Franklin  county, 

449. 
Avork  of.  5. 
WMllow.   153,   154.   155.  175,   500. 
Willow-herb.   157.   195. 
Wilson  Brothers,  tile  plant,  501. 
Wilson  .Junction,  elevation  of.  417. 
Wincholl,  X.  H.,  cit<Ml,  237,  239,  248. 
Winneshiek   county.   Geology   of,   37. 
alluvium,    130. 
altitudes,    56. 
annotated   list  ot 

plants,    162. 
area,    43. 
Brainard   shale, 

97.  108. 
Buchanan       grav- 
els,  122. 
building       stones. 

133. 
Cnmbrian   system, 

02. 
Canadian      series. 

04. 
oaves.  141. 


Cedar   Valley 
limestone,    113. 

clays,  138. 

Clermont  sbale, 
98,  105. 

Cresco  -  Calmar 
ridge,  45,  56.  57. 

Decorah  shale,  84. 

Devonian  systeip, 
113. 

drainage,    67. 
drift  less    area    to- 
pography, 43,  47. 

economic  pro- 
ducts,   133. 

effect  of  geologi- 
cal formations 
on  topography, 
49. 

Elgin  shaly  lime- 
stone,   98,    102. 

llora   of,   147. 

forest  problems, 
150. 

Ft.  Atkinson 

limestone,      98, 
106. 

Galena  limestone, 
87. 

geest,   59,   117. 

geographic  rela- 
tions of  strata, 
58. 

geological  forma- 
tions, 44,  61. 

gold,    140. 

lowan    drift,    128. 

lowan    loess,    130. 

lowan  sand  ter- 
races,  129. 

Isotelus   beds,    98. 

Jordan  sandstone, 
02. 

Kansan  drift,  49, 
119. 

lime,  137. 

loess,    126,    130. 

Maquokota  beds, 
94. 

medicinal  plants, 
161. 

Middle  Devonian 
series,    113. 

new  geological 
names,  60. 

Niagara  lime- 

stone, 109. 

Oneota  limestone 
64. 
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Ordovician       sys- 
tem, 64. 
paha;   55. 
physiography,    47. 
Platteville       lime- 
stone, 80. 
Pleistocene       sys- 
tem, 119. 
post-Kansan  loess, 

126. 
Potsdam       series, 

62. 
re-crosion .  of  man- 
tle rock,  55. 
relief,    57. 
residual       mater- 
ial, 117. 
road       materials, 

138. 
St.     Croix     saud- 
'  stone,   62. 
Silurian      system. 

109. 
soils,    131. 
springs,   139. 
stratigraphy,    58. 
table     of     forma- 
tions, GO. 
terraces,  59.  124. 
topography,    47. 
trees  and  shrubs. 

153. 
Trenton        series, 

80. 
unconformities. 

132. 
valley    trains,    59. 
Wapsipinicon 

limestone.    113. 
water         powers, 

140. 
water        supplies, 
139. 
Winslow.   elevation    of.   417. 


Wintcrgreen,  197. 

Winzenberg  well,  340. 

Wisconsin  drift,  character,  492,  536. 

moraines.    463. 

sections,    538. 

soils,    495,    537. 

topography,    463,    535. 
Wisconsin  drift  area,  463. 

drift  plain,  topography,  466. 
gravel   trains   and   terraces, 

493. 
gravels.  539. 
Wolf-berry,  154,  204,  557. 
Woodsia  ilvensis,   163. 
Wood-sorrel,  191. 
Wool-grass,  169. 
Wormwood,  210. 

Worth.   Dr.   F.,  acknowledgments,   14b. 
Worthen,  A.  H.,  cited,  410. 
Worthen,   Meek  and,  cited,  94. 

Xanthium   canadcnse,  206. 

echinatum,  160,  206. 
Xanthoxyluvi  americanum,     154.     162, 
191.   551. 

Yam  root,  173. 
Varrow,   2i0. 
Vellow  river,  58. 
Yew,  American,  153.  165. 

Zaphrentis,  278,  343. 
'Aaphrentis  gigantea,  422. 

stokesi,   278.   616. 
Zinc  and  lead,  production  of.  1903.  19. 

1904,  19. 

1905,  IS. 
35. 

Zizia  aurea,  196. 
Zwanziger  well,  340. 
/jj/gadenus  elegans,   171. 
modesta,  605. 
Zygospira,   601. 


